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INTRODUCTION. 



Land Surveying is a brauch of the mathematics, applied to prac- 
tical purposes, and had its origin, it is said, in Egypt, more than 
1000 years before the Christian era; where the annual inundations 
of the Nile, and the consequent large deposits of mud, destroyed 
the land marks of the different proprietors. It, therefore, became 
necessary to determine these land marks by measurement, or to lay 
out the proper quantities of land claimed by the several proprietors, 
irrespective of their land marks, thus destroyed. Hence the origin 
of the science of geometry y so called from its being compounded of 
two Greek words, signifying "^o measure the earth,^^ This science, 
it is well known, is the foundation of the splendid system of mathe- 
matics, which has imparted to mankind a knowledge of the extent 
of the farthest visible universe, and of the laws by which Almighty 
PowEE directs the celestial motions. But, notwithstanding the early 
origin of this science, in as far as it is applied to land surveying, it 
has received comparatively very little improvement almost up to the 
present time. The writers of extensive works on this subject being 
chiefly practical men, unacquainted with modem analysis, and some 
of them even ignorant of geometry, have successively produced works, 
which are little more than mere copies of those previously published, 
their examples being in all cases, simple and profuse without va- 
riety or elegance, the invariable result of such labours being a large 
volume immeasurably behind the requirements of the subject as well 
as the science of modem times. 

In the following work, I trast, it wiU be that found the author has 
avoided such profusion and waut of variety in the subjects proposed, 
making, at the same time, the most important parts sufficiently clear 
to those students who have not had an opportunity of studying 
geometry and the higher branches of mathematics, — the demons- 
trations of all rules and formulae not previously published, being 
given in notes, apart from the practical matter; while the demons- 
trations of all rules previously given in various works of geometry 
and analytical trigonometry, are omitted, to avoid increasing the 
size of the work, which is divided into Two Parts, viz., Land and 
Hkgineering Surveying , and each part into six chapters; on each of 
which it will be proper to make a few observations. 

CHA.PTEKS I. and II., On Practical Geometry and Surveying b^ 
the Chain and Cross, are of too simple a cihsi!t^c\.^x \.<i ^toa^ ^ '^ss^- 
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provement, the author's object in these being condensation and clear- 
ness, with a sufficiency of examples to introduce the subject. 

Chaptee III. On Surveying with the Chain only, contains seve- 
ral new Problems, among which may be named Problem lY., which 
furnishes an original and concise method of finding the width of a 
large river. Problem VII, gives three methods of surveying fields 
of from five to seven sides, with only five chain lines, with examples 
of the numerous lines adopted in old methods ; and Problem IX. 
gives a method of surveying a small estate of six fields by either 
five or four chain lines, with the method of proving the positions of 
straight fences ; which positions all previous authors have deter- 
mined by the crossing of two chain lines, or by prolonging each 
straight fence to two chain lines; which methods constitute no 
check on wrong entries in the Field Book. This Chapter concludes 
with several specimens of laying out main lines of extensive sur- 
veys, which occurred in the author's practice, he having surveyed 
several parishes for First Class Maps, under the Tithe Commuta- 
tion Act; one of which [Tillington, Sussex] was tested on the 
ground, by order of the Tithe Commissioners, and found to be 
unexceptiondbly correct, a rare occurrence among the maps of other 
surveyors, wMch were tested about the same time, and rejected on 
account of their numerous distortions and consequent errors. See 
page 59. 

In Chaptee IV. are given engravings and descriptions of the 
most efficient drawing and surveying instruments, which are chiefly 
taken from Heather* a Treatise on Mathematical Instruments, in the 
Rudimentary Series, the best work on this subject. In this Chapter 
Kodham's method of keeping the Field Book, invented about fifty 
years ago, is given with slight alteration, on a folding plate, and 
the plan of an estate, to which the field book refers. 

Chaptee V. contains several surveys, chiefly by the Theodolite, 
including surveys for railways and other engineering purposes. In 
this Chapter directions for town-surveys are rather prominently 
introduced, the author having been engaged in the survey of Dover, 
for Rowland Eees, Esq., Architect and Surveyor for that borough, 
the map of which was also tested on the ground, by order of the 
Ordnance authorities; which, like that of TiUington, already noticed, 
was found to be correct; which was not the case with many other 
similar surveys of towns in the kingdom. Although the results, 
in the cases of Tillington and Dover, were highly gratifying, they 
were only such as good surveyors might reasonably expect; and it 
may here be proper to add that the unavoidable delays, caused by 
the testing operation, and the annoyances, arising from distrust in 
the accuracy of the work, were subjects of great anxiety to both 
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Mr. Bees and the author ; especially, by thus testing their work, 
they were classed with ignorant pretenders to this practical appli- 
cation of Mathematical Science. See pages 97, Case III. 

Chapter YI., on dividing and inclosing land, commons, &c., 
has been almost entirely remodelled by the author, several formulae, 
never before published, being given for the expeditious laying out 
and dividing land of uniform or variable value, the demonstrations 
of which are given in the notes, or among the Eormulse in Part II., 
Chapter VI. This Chapter concludes Part I. ; which, it will be 
seen treats exclusively on land surveying. 

Part II. of this work, may with propriety be called modem, 
if we except Chapter I. on levelling, which has been practised 
above a century, firstly for canals, and secondly for drainage, roads 
and railways ; however, no good treatise on this subject appeared 
till that by Mr, Simms, whose plates and examples, being in the 
publisher's possession, were adopted by the author in this work, 
as well as some parts of Mr. Simms' accompanying explanations of 
the subject. In this Chapter the author has also availed himself 
of Heather's Treatise on Mathematical Instruments for the plates of 
the levels, &c., and some parts of their descriptions. 

Chapter II. treats of the various methods required for laying 
out railway curves in the ground ; these methods were invented by 
the author about thirty years ago, were first published in the 
Gentleman's Diary, secondly in the Ninth Edition of Nesbits* Sur* 
veying, thirdly in the author's Railway Engineering, and the fourth 
and fifth times in the First and Second Editions of this work. The 
author trusts that it will be found, that he has treated this subject 
in an improved and practical manner: the investigations of the 
additional formulae here required are given in the notes, the others 
wiU be found in the author's work above referred to, the geometri- 
cal constructions of compound and serpentine curves being here 
omitted, as being seldom used by practical men. Bee Remarks on 
tJi£ Invention of the Method of laying out Railway Curves, page 179. 

In Chapter III. the methods of setting out the widths of rail- 
way cuttings, on aU varieties of sloping and undulating ground, 
are carried out chiefly by original formulae, which are also given, 
with their investigation, in the author's Railway Engineering. Mr, 
Simms also wrote on this subject, in his work on Levelling, but 
without giving any formulae ; these methods may therefore be con- 
sidered as entirely new modelled. 

Chapter IV. is on timnelling, on the setting out of which very 
little has been written by any author. The author has, he trusts. > 
given clear and practical methods for this -^xxr^Ck^^, N^\iSiOftKi Sia.^ 
tunnel be straight or curved, with copious uc^^^, Ooi^^^ ^-^^^^:^^>^ 
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from the Practical Railway Engineer, published by Mr. Weale in 
410., on the methods of excavating tunnels, &c. 

Chapter V. is on the author's concise and original method ol 
finding the contents of the earthwork of railways, almost entirely 
without calculation. This method was invented by the author 
about sixteen years ago, although another author, the errors of 
whose methods approximate ^o 50 per cent, as their maodmum, has 
the assurance to claim the same methods, (see remarks on this sub- 
ject, page 203,) the errors of that author's method being further 
pointed out in this work, its fallacy having been before fully es- 
tablished by rigid mathematical demonstration in the author's 
Railway Engineering, 

Chapter YI. contains a collection of problems and formulae of 
utility in land and engineering surveying, the investigation of 
which are either given or referred to in other works, with a col- 
lection of unsolved problems original and select, for the exercise of 
students. At the end of this Chapter is given Fambour*s Formula 
for the super-elevation of the exterior rail in railway curves. 

The work concludes with an Appendix, in which are given the 
dimensions of the famous tubular bridges, and several of the prin- 
cipal-railway viaducts of various constructions; which the late 
general extension of railways has called into existence in this 
kingdom. 

Prom the preceding analysis of the contents of this work, as 
well as from an inspection of its several details, and a comparison 
of these with the works of other authors, it will at once be seen 
that of the twelve Chapters of which this work is composed, four may 
be safely claimed by the author as having been originally drawn 
up by him, viz., Chapters II., III., IV. and V. of Part II., while 
in all the other Chapters, excepting the first and second in Part I., 
considerable additions and improvements have also been made; 
and these in the compass of a smaller volume than those that treat 
only of land surveying. It is, therefore, the author's hope that 
the intelligent reader wiU find that he has placed this subject in 
the position it ought to occupy among the other scientific works of 
the age ; and since this work, after the sale of 7000 copies in little 
more than three years, has reached a new edition, this hope seems 
to be amply realized. 



LAND AND ENGINEERING SURVEYING. 



PART I. 

LAND SURVEYING. 
CHAPTER L 



Previous to commencing the various subjects of Land and 
Engineering Surveying, it will be necessary to give a clear 
view of Practical Geometry, which is especially requisite for 
those who are unacquainted with this branch, as well as those 
Darts of the Mathematics which are equivalent to it. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A 'point has no dimensions, neither length, breadth nor 
thickness. 

2. A line has length only, as A. 



B 



-B 
-D 



3. A surface or plane has length and 
breadth, as B. _^__^^ 

4. A right or straight line lies wholly in the same direction, 
as A 6. 

6. Parallel lines are always at the same 
distance, and never meet when prolonged, 
as AB and CD. 

6. An angle is formed by the meeting of 
two lines, as AC, C B. It is called the 
angle ACB, the letter at the angular point 
C being read in the middle. 

7. A right angle is formed by one right 
line standing erect or perpendicular to an- 
other ; thus, ABC is a right angle, as is 
also ABE. 

8. An acute angle is less than a right 
angle, as D B C. 

9. An obtuse angle is greater than a right ^\i^<^<» ^a* "^"^"^ 




E 



B 
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10.-4 plane triangle is a space included by three right linear 
and has three angles. 

\\, A right angled triangle has one right 

angle, as A B C. The side A C, opposite the 
right angle, is called the hjpothenuse; the 
sides A B and B C are respectively called the 
base and perpendicular. 

12. An obtuse angled triangle has one obtuse 
angle, as the angle at B. 

13. An actUe angled triangle ha^ all its 
three angles acute, as D. 

14. An equilateral triangle has three eqtul 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides as F. 

16, A quadrilateral Jigure is a space bounded by four right 

lines, and has four angles ; when its opposite 
sides are equal, it is called a parallelogram. 

17* A square has all its sides equal, and all 
its angles right angles, as G. 





G 



IS, A rectangle is a right angled parallelogram, whose length 
exceeds its breadth, as B, (see figure to definition 2). 



19. ^ rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, as I. 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K. 

21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles are called the diagonal^ 
as AB. 
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22. A trapezoid is a quadrilateral, having 
two of its opposite sides parallel, and the re- 
maining two noty as M. 

23. Pofygons have more than four sides, and receive par- 
ticular names, according to the number of their sides. Thus, 
v^ pentagon has five sides; a hexagon^ six; a heptagon, seven ; 
an octagon, eight ; &c They are called regular polygons, 
when all their sides and angles are equal, otherwise irregular 
polygons. 

24. A circle is a plain figure^ bounded by a 
curve line, called the circumference, which is 
everywhere equidistant from a point C within^ V C 
called the centre. 

25. An arc of a circle is a part of the circumference, as 
AB. 

26. The diameter of a circle is a 
straight line AB, passing through the 
centre C, and dividing the circle into two 
equal parts, each of which is called a 
semicircle. Half the diameter AC or 
CB is called the radius. If a radius CD 
be drawn at right angles to A B, it will 
divide the semicircle into two equal parts, each of which is 
called a quadrant, or one fourth of a circle* A chord is a right 
line joining the extremities of an arc, as FE. It divides the 
circle into two unequal parts called segments. If the radii C F, 
C £ be drawn, the space, bounded by these radii and the arc 
F E, will be the sector of a circle, 

27. The circumference of every circle. is supposed to be 
divided into 360 equal parts, called degrees, and each degree 
into 60 minutes, each minute into 60 seconds, &c. Hence a 
semicircle contains 180 degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of 
any circle, contained between the two lines 
which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc :— • 
thus the arc A B, the centre of which is C, 
is the measure of the angle A C B. If the 

angle A 9 B contain 42 degrees, 29 minutes, and 48 seconds, 
It is thus written 42° 29' 48". 





4 PRACTICAL GEOMETRY. 

PROBLEMS IN PRACTICAL GEOMETRY. 

(In solving the five following problems only a pair of common compasses and 
a straight edge are required ; the problems beyond the fifth require a scale of 
equal parts ; and the two last a line of chords : all of which will be found in a 
common case of instroments.) 

Problem I. 
^c..- To divide a given straight line A B into two 

»-**K equal parts. 

From the centres A and B, with any radius, 

X — B — B ^^ opening of the compasses, greater than half 

A B, describe two arcs, cutting each other in C 

);:*:' and D; draw CD, audit will cut AB in the 

^ middle point E. 

Problem IL 
At a given distance E, to draw a straight line C D, parallel 
to a given straight line A B. 

E From any two points m and r, in 

fi g the line A B, with a distance equsJ to 

C p^-^. — 7^"~ D E, describe the arcs n and s :— draw 

CD to touch these arcs, without cut- 

-A. — "Si r ^ ^*"S them, and it will be the parallel 

required. 

Note. This problem, as well as the following one, is usually performed by an 
instrument called the parallel ruler. 

Problem III. 
Through a given point r, to draw a straight line CD parallel 
to a given straight line A B. 

From any point n in the line A B, with 

^r ?3) the distance n r, describe the arc r m : — from 

centre r, with the same radius, describe the 

I ''••». / arc n s : — take the arc mr in the compasses, 

Afef ^^^ apply it from « to * : — ^through r and s 

draw C D, which is the parallel required. 

Problem IV. 
From a given point V in a straight line A'B to erect a per" 
pendicular, 

1 When the point is in or near the middle of the line. 

On each side of the point P take any two 

•^ t \ ^ equal distances, P w, P « ; from the points 

m and », as centres, with any radius greater 

than P «i, describe two arcs cutting each 

other in C; through C, draw C P, and it will 

■J^^ be the perpendicular required. 



\ 



X? 



T" 
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2. TVhen the point F ts at the end of the line* 

With the centre P, and any radius, de- 
scribe the arc nrs; — ^from the point m, 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — again, 
with centres r and «, describe arcs inter- 
secting in C : — draw C P, and it will be 
the perpendicular required. ^ » ^ 

Note. This problem and the following one are nsoally done with an instm- 
ment called the square^ 

Problem V. 

From a given point C to let fall a perpendicular to a given line, 
1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut 
A 6 in 971 and n ; — with centres m and it, 
and the same or anj other radius, describe 
arcs intersecting in o : through C and o draw 
C o, the perpendicular required. 



j^:jm 









f^ 



2. When the point is nearly opposite the end of the line. 

From C draw any line C m to meet B A, 
in any point m\ — bisect C m in n, and with 
the centre n, and radius Cit, or mn, describe 
an arc cutting B A in P. Draw C P for the 
perpendicular required. 

Problem VI. 

To construct a triangle with three given right lines, any two 
of which must be greater than the third. (Euc. I. 22.) 

Let the three given lines be 6, 4 and 3 . .. y, 

yards. From any scale of equal parts lay ^^ 

off the base AB = 5 yards; with the 
centre A and radius A C = 4 yards, de- 
scribe an arc ; with centre B and radius 
CB = 3 yards; describe another arc cutting the former arc in 
C:— draw AC and CB; then AB C is the triangle required. 

Problem VII. 

Given the base and perpendicular^ witli 
the place of the latter on the base^ to con^ G 

struct the triangle. 

Let the base AB = 7, the per- 
pendicular C D = 3, and the dis- 
tance A D = 2 chains. Make A B 
= 7 and AD = 2 ; — at D erect the 
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perpendicular D C, which make = 3 : — draw A C And C B ; 
then A B C is the triangle required. 

Fboblem vin. 

To describe a square^ whose side shall he of a given length. 

Let the given line A B be three chains. At 
the end B of the given line erect the perpen- 
dicular B C, (by Prob. IV. 2.) which make 
= AB : — ^with A and G as centres, and radios 
AB, describe arcs cutting each other in D: 
draw A Dy D C and the square will be com- 
pleted. 

Problem IX. 

To describe a rectangled parallelogram having a given length 

a7id breadth. 

Let the length AB = 5 chainsy and 
the breadth B C = 2. At B erect the 
perpendicular BC, and make it =s 2 >^ 
with the centre A and radius B C de- 
scribe an arc ; and with centre C and 

radius A B, describe another arc, cutting the former in D :— 

join A D, D C to complete the rectangle. 

Problem ^X. 

77ie base and two perpendiculars being given to construct a 
trapezoid 

^ Let the base A B = 6, and the 

perpendiculars A D and B C, 2 and 

3 chains respectively. Draw the 

perpendiculars AD, D C, as given 

J B above, and join D 0, thos complet- 

■* ing the trapezoid. 

Problem XI. 

To make a triangle equal to a given trapezium A B C D. 

[> C Draw the diagonal D B, and C E pa- 

rallel to it, meeting A B prolonged in 
E:— join DE; then shall the triangle 
A D E be equal to the trapezium 
ABCD. 

Problem Xn. 
To make a triangle equal to tJie figure A B C D E A. 
Draw the diagonals DA, DB, and the lines EF, CG» 



D 
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E 





B 



H 



A 



parallel to them, meeting the 
base A B, produced both ways, 
in F and G:— jo>n DF, DG; 
then the triangle D F G will 
be equal to the given figure 
ABCDEA, 



Problem XIII. 

To make a square equal to a given rectangle A B C D. 

Produce one side A B till B E be 
equal to B C : — ^bisect A E in o ; on 
which as a centre, with radius A o, 
describe a semicircle, and prolong B C 
to meet it in F :— on B F describe the 
square B F G H, and it will be equal 
to the rectangle A B C D, as required. E 

Pboblem XIV. 
To set off an angle to contain a given number of degrees. 

Let the angle be required to \r 
contain 41 degrees. Open the 
compasses to the extent of 60^ 
upon the line of chords, and, 
setting one foot upon A, with 
this extent, describe an arc cut- 
ting A B in B; then taking the A^ 12- 

extent of 41° from the same line of chords, set it off from B to 
C ; join A C; then B A C is the angle required. 

Problem XV. 

"To measure an angle contained by two straight lines. 

{See last figure,) 

Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as before, on the line of chords, 
and with this radius describe the arc B C, cutting A B, A C 
produced, if necessary, in B and C; then extend the compasses 
from B to C, and this extent, applied to the line of chords, will 
reach to 41°, the required measure of the angle BAG. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extend- 
ing the arc, and laying the excess of the arc above 90°, from 
the end of the 90th degree. 

Note. Angles are more correctly and expeditiously laid off and measured 
by an instrument called the protractor, to be hereafter described. 
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GEOMETRICAL THEOREMS. 
{Necessary to be known by Surve?iors.) 

Theorem I. 
Angles vertically opposite are equal: — 
thus the angle A G E = angle H G B, 
and E G B = A G H. (Euc. L 15.) 

^ Theorem II. 

(See last figure^ 
A nght line E F, cutting two parallel right lines AB, CD, 
makes tke aUemate angle equals S^, : — thus the angles A G H, 
G H D are equal; also the exterior angle E G B is equal to the 
interior and opposite G H D. (Euc. I. 29.) 

Theorem III. 
77ie greatest side of every triangle is opposite the greatest 
angle, (Euc. I. 18.) 

Theorem IV, 

Let the side A B of the triangle ABC 
he produced to D, the exterior angle CBD 
is equal to the interior angles at A and ; 
also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle being given the third 
becomes known. 

Theorem V. 
{See figure to Definition 11.) 
Let ABC be a right angled triangle, having a right angle 
at B; then, the square on tJie side AC is equal to Oie sum of 
the square on the sides A 6, B C. (Euc. I. 47.) Whence any 
two sides of a right angled triangle being given the third be- 
comes known. 

Theorem VL 

In any triangle ABC, let D E be 
drawn parallel to one of its sides, CB ; 
then, AB isto AEasBC is to DE; 
and the triangles are said to be similar. 
(Euc. VI. 2.) 

Theorem VII. 

{See last figure.) 

Let ABC, A E D be similar triangles ; then, the triangle 

A B C if to the triangle A E D as the square of AB is to the 

square of AE: that is, similar triangles are to one another in 

the duplicate ratio of their homologous sides. (Euc. VI. 19.) 
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Theorem VIIL 

All similar figures are to one another as the squares of their 
homologous, or like, sides. (Euc. III. 20.) 

Theorem IX. 

All similar solids are to one another as the cubes of their liko 
linear dimensions. (Euc. YI. 24.) 



CHAPTER n. 

Description of Instruments used for Measuring and 

Planning Small Surveys. 

the chain. 

The chain, usually called Gunter's chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 66 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 

adjoining links, is consequently ,-7;^. of a foot, or ■ = 792 

ICX) 100 

inches. At every tenth link from each end is attached a piece 
of brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th four, the middle of the chain, or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a large ring for the purpose of holding 
it with the hand. 

The chain acquires extension by much use, it should, there- 
fore, be frequently examined, and adjusted to the proper length 
by taking out some of the rings between the links : for this 
purpose, chains having three rings between each link are to 
be preferred to those having only two. 

the offset staff. 

The offset staff is used to measure short distances, called 
offsets ; hence its name. It is usually ten links in length, the 
links being numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging lines, for marking 
stations, &c. 

the cross. 

The cross is an instrument used by surveyors to erect per- 
pendiculars. It is usually a round piece of a^c^xasst^ \swx^> ^^ 
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mahogany, about four inclies in diameter, with two folding 
sights at right angles to each other, or more eommonly with 
two fine grooves sawed at right angles to each othei^ which 
answer the purpose of sights. It is sometimes fixed on a staf^ 
of convenient length for use, pointed with iron at the hottom, 
that it may be fixed firmly in the ground : but it is found more 
commodious in practice to have a small pocket cross, which may 
be readily fitted to the ofiset-stafi^, either by an iron spike on 
the cross being inserted in a hole made in the ofl^t-staff; or the 
ofiset-staff being passed through a hole made in the crosfl^ to 
about the eighth link from the piked end, at which place fte 
staff must be shouldered, that the cross may rest firmly. 

DIRECTIONS FOB MEASUBING LINES ON THB GBOUKDw 

Besides the instruments already described, ten arrows anist 
be provided, about 12 inches long, pointed at the end, so as to 
be readily pressed into the ground, and turned at the other end, 
80 as to form a ring to serve for a handle. 

In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as at its intermediate points, 
if its extremities cannot be seen from one anoth^, on <Mv^^mn^ 
of hills, woods, hedges, or other obstructions. Two personB 
are then required by the surveyor to perform the measurement 
The chain leader starts with the ten arrows in his left han^ 
and one end of the chain in his right ; while the follower le* 
mains at the starting point, who, looking at the staff or staves^ 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower comes up to the 
arrow first put down. A second arrow being now put down 
by the leader, the first is taken up by the follower ; and the 
same operation is repeated till the leader has expended all his 
arrows. Ten chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the lin^ 
the number of arrows in the follower's hand shew the number 
of chains measured since the last exchange of ar- 
rows noted in the field book, and the number of 7000 
links extending from the last arrow to the mark or 600 

staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Thus, if — . 
the arrows have been exchanged seven times, and 7683 
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if the follower have six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will be 7683 links, or 76 chains 83 links, which is usually 
written thus — 76*83 chains, the two last figures being decimals 
of a chain. 

In using the chain, care must be taken to stretch it always 
with the same tension, as it will extend by much use, and will 
therefore require to be examined occasionally, and shortened, 
if necessary. But a good chain may be used several days, on 
tolerably smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every 
station on the line, while it is being measured, with a staff or 
cross on the ground, entering its distance in the field book. 

When a survey is made for a finished plan, all remarkable 
objects should be noted down; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The l)oundary of the estate measured ought to be carefully 
observed. If the ditch be outside the boundary fence, it usually 
belongs to the estate, and vice versa ; although this is not imi- 
versally the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places ^ve links from the hedge-posts or roots of the 
quickwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 



Instruments for Laying Down or Plotting Surveys. 

THE common drawing COMPASSES. 

This instrument consists of two legs moveable about a joint, 
80 that the points at the extremities of the legs may be set at 
any required distance from one another : it is used to transfer 
and measure distances, and to describe arcs and circles. 

THE HAIR COMPASSES. 

The hair compasses ought to be used where greater accuracy 
is required in transferring distances, than can be obtained by 
the set of the joint of the common compasses. In the hair 
compasses the upper part of one of the steel points is formed 
into a bent spring, which, being fastened ^ q\x<& ^^Xx^TsaX-^ v^ 



\ 
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tbe leg of the compasses almost close up to the jtAnt, ig hdd tt 
tlie other end bj a screw. A groove is fonned in tlie shtnk, 
which receives the spriog when screwed up tight; and by 
turning the screw backwards the steel point may be gradmllj 
allowed to be pulled backwarks hy the spring, and may agaiB 
be graduollj' pulled forwards by the screw being tamed for- 
wards. 

Fig. 1, ropresents t&en 
Pitr- > Fit;. 3. eorapossea when shut; fig. 

£) f^M, with the screw tamed 

backwards, and the steel 
point p, in conseqoeace, 
moved backwards by its 
spring s, from the posi- 
tion represented by the 
dotted lines, which it 
would hare when screwed 
tight up. Fig. 3, repre- 
sents a key, t^ which the 
two points fit into the two 
fadles seen in the nut n of 
the joint; and by turning 
this nut the joint is made 
etifier or easier at pleasure. 
To take a distance toiih 
the hair eompasset. — Open 
them as nearly as you can 
to the required distance, set the fixed leg on the point from 
which the distance is to be taken, and make the extremity of 
the other leg coincide nccurately with the other end of tho 
required distance, by turing the screw. 

KoTE. There are several other kiode of compasies, owd for plaDniog; u 
tboae with moveable points, foi ihe introdactiaa of black lead pettdla or ink 
points, beam compasses for lakiog Iiitgc distanFen, proportional connpasses, &c., 
Ihe uses ofvhicb are easily learned. (_Stt Healhtr'a Trealut o» JUaihetaaUaJ 

PLOTTING SCALES. 

Plotting scales, also called feather-edged scales, ore straight 
rulers, usually about 12 inches long. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which an 
made eloping, so that the extremities of tho strokes marking 
the divisions lie close to the paper. The primary divisions re- 
present chains, and the subdivisions ten links each, the inter- 
mediate links being determined by the eye. Plotting scales 
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may be procured in sets, each with a difTerent number of 
chains to the inch. They are usually made of ivory or box, 
and each provided with a small scale called an offset scale for 
laying down the offsets. In using these scales, the first divi- 
sion or zero, on the plotting scale, is placed coincident with the 
beginning of the line to be plotted, and so as just to touch that 
line with the feather edge : the end of the offset scale is then 
placed in contact with the edge of the plotting scale ; and thus 
the offsets may be expeditiously pricked off, for which purpose 
an instrument called a pricker is used, but a hard black lead 
pencil with a fine point, is greatly to be preferred, as it does 
not injure the paper. 

THE PROTRACTOR. 

The instrument represented in the annexed figure, is usually 
supplied with a pocket case of instruments. It is made of 
ivory, 6 inches long and 1| broad. On the face of the instru- 
ment, round three of its edges, which are feathered, the pro- 
tractor is formed for readily setting off angles. 




In using the protractor, the fourth edge, which is quite plain, 
with the exception of a single stroke in the middle, is to be 
made to coincide with the line, from which the angle is to be 
set off, and the stroke in the middle to coincide with the angular 
point in the line, at which the angle is to be set off; a mark is 
then to be made with a fine pointed black lead pencil, or with 
a pricking point, at the point on the paper which coincides 
with the stroke on the protractor marked with the number of 
degrees in the angle required to be drawn ; and the protractor 
being now removed, a straight line is to be drawn from the 
angular point in the given line to the point thus marked off. 
The instrument has, on the same face, two diagonal scales, 
(which are now little used by surveyors,) and on the opposite 
face, scales of equal parts, &c. 

The vernier scale and circular protractor, the uses of which 
will be hereafter described, are best adapted to laying down 
extensive surveys, where great accuracy is x^o^vcvA* 



14 the field book. 

Planning Surveys. 
In planning or plotting surveys, the upper part of the paper 
or book, on which the plan is made, should always, if possiUe, 
be the north. The chain lines, buildings, fences, &c, ought 
first to be drawn with a fine black lead pencil : the first should 
then be dotted with ink, and the latter neatly drawn. Grreat 
care is required in the construction of the plan, when the di- 
mensions are to be measured therefrom with the scale. The 
scale should never be more than three chains to an inch, for 
when the parts of a plan are large, the dimensions may be 
taken with greater accuracy. After having found the con« 
teut of the field or fields, &c., of which any plan consists, it 
may be laid down by any scale to give it a more convenient 
size. 

THE FIELD BOOK* 

The method now generally adopted in setting down field 
notes, and which has long been found to be the best in 
practice, is to begin at the bottom of the page and write 
upwards. 

Each page of the book is usually divided into three columns. 
The middle column is for distances measured on the chain line, 
at which hedges are crossed, or ofisets, stations, or other marks 
are made; and in the right and left columns, those ofi[sets, 
marks, and any other necessary observations thereon, must be 
entered, according as they are situated on the right or lefit of 
the chain line. 

The crossing of roads, rivers, hedges, &c., are, by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where theV are crossed, and by 
others these crossings are shewn by linei drawn on pt^rt of the 
right and left hand columns, opposite the distances where they 
are crossed by the chain line ; and buildings, turns of fences, 
comers of fields, to which offsets are taken, are usually shewn 
by lines sketched in a similar situation to the middle column, 
as the fences, buildings, &c., have to the chain line. Thus a 
representation of the chief objects in the survey may be sketch- 
ed in the field, which will give essential assistance in laying 
down the plan. The stations are usually numbered, for the 
sake of reference, and marked thus 0. , The bearing of the first 
main line is usually taken by surveyors, from which the posi- 
tion of the plan with respect to the north is determined. This 
may be done ^ y a common pocket compass, where great accuracy 
is not requi.ed: but this will be more fully discussed in treat- 
ing of surveys by the theodolite, further on. 
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B. of 2, and L. of 5, &c., denote that the following 
lines are measured to the right of station 2, and to the leilt of 
station 5, respectivelj. 

To Survey with the Chain and Cboss. 

An acre of land is equal to 10 square chains, that is 10 
chains in length and one in breadth, or 1000 links in length 
and 100 in breadth ; an acre, therefore, contains 100,000 square 
links, as per table of square measure below. Hence the con- 
tents in square links are, in the following examples, divided by 
100,000, or what is the same thing 5 figures to the right are 
cut off for decimals, the figures remaining on the left being 
acres. The decimals are then multiplied by 4 for roods, and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of square mea- 
sure. 



A TABLE OF LINEAR MEASURES. 



Links. 
25 

100 

1,000 

8,000 



Sq. Links. 
625 

10,000 

25,000 

100,000 

64.000,000 



Feet. 


Tards. 


Poles. 






161 


5i 


1 










Cliaina. 




66 


22 


4 


1 


Furlongs. 


660 


220 


40 


10 


1 


5,280 


1,7C0 


320 


80 


8 



Mile. 
1 



A TABLE OF SQUARE MEASURES. 



Sq.Feet 


Bq.Tards. 


Sq. Poles 
or Perches 








272J 
4,356 


30^ 

484 


1 
16 


Sq.Chs. 

1 


Rods. 




10,890 


1,210 


40 


2i 


1 


Acres. 


43,560 


4,840 


160 


10 


4 


1 


27,878,400 


3,097,600 


102,400 


6,400 


2,560 


640 



Sq. Mile. 
1 



Problem I. 

SQUABIS AND RECTANGULAR FIELDS. 

Square and rectangular fields seldom occur in the practice of 
the surveyor; small plots of ground of these forms, however, 
frequently present themselves. 

Fix the cross in a comer of the square ot T^^\»xv^«!t \jv^^^ 
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of ground, and if the sides be at right angles, measure one of 
them, and enter its length in the field book. This mast be re- 
peated at every side and angle; and if all the angles are found 
to be right and all the sides equal, the piece of ground is 
square; but, if only the opposite sides are equal, it is rect- 
angular. 

TO FIND THE CONTENT. 

EuLE. Multiply the length by the breadth in links, and the 
product will be the contents in square links, which reduce to 
acres, rods, and poles by the preceding table for square measure, 
as in the following examples. 

If the dimensions be given in yards, divide the product by 
4840 for acres, &c. 

EXAMPLES. 

1. What is the area of the square A B C D, whose side is 
478 links? 

Here the length and breadth are equal, hence 

478 
478 



B 



3824 
3346 
1912 

2*28484 
4 

1'13936 C b 

40 

5-57440 Area 2a. Ir. 5^p, 

2. The length of the rectangular field ABCD, is 2450, and 
it3 breadth 1226 links; required the plan and area. 

2450 
1226 

14700 ^ 

490 
490 
245 



30-03700 
4 

0-14S0O 
40 

$•9-2000 




D . 



Area 30a, Or. 6/?. nearly. 
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3. Required the area of a square^ in acres, the side of which 
is 132 yards. 

— .^ .. - = 3*6 acres = 3a. 2r. 16p. the area. 
4840 -^ 

4. What is the area of a rectangle whose length is 2470 
links, and its breadth 1114 links? 

2470 X 1114 = 27-51580 = 27a. 2r. 2^. the area. 

5. The length of a rectangular field is 324 yards, and its 
breadth 235 what is its content in acres? 

Ans. 15a. 2r. Z*Jp 

6. What is the area of a rectangular pleasure ground, the 
length of which is 960 and its breadth 125 links? 

Ans. la. Or. 32/7. 

Problem IL 
triangular fields. 

]. Let ABC be a triangle, of which the survey, plan, and 
content are required. 

Set up poles or marks at the angles A, B, and C> and mea- 
sure from A towards B, and when at or near D, try with the 
cross for the place of the perpendicular C D ; plant the cross, 
and turn it till the marks A ^ 

and B can be seen through 
one of the grooves; then look 
through the other groove, 
and, if the mark at C can 
be seen through it, the cross 
is in the right place for the 
perpendicular; if not, move 
the cross backward or for- 
ward till the three marks can be seen as before directed. Sup- 
pose the distance A D to be 625 links, and the whole A B, to 
be 1257 links; return to D, and measure the perpendicular 
D C, which suppose to be 628 links, thus completing the sur- 
vey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts, or plotting scale, lay off the baso 
A B, = 1257 links ; on which take A D, = 625 links ; at I> 
erect the perpendicular D C, which make = 628 links ; join 
AC, C B, then A B C is the plan of the triangle. 
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TO FIND THE CONTENT. 

EuLE. Multiply the base by the perpendicular^ and half tbe 
product will be the area. 

EXAMPLES. 

1. The dimensions being the same as found abovey required 
the content. 

Ans. 1257x628 -f 2 = 3-94698 acres = 3a. 3r. 32p. 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246; what is the area of the triangle? 

954x246 -r 2 = 1-17342 = la. Or. 27ip. the content. 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 links, and its length 645 ; the whole 
base was 1434 links; required the plan and area. 

Area. 4a. 2r. 20p, 

PnOBLEM IIL 
FIELDS IN THE FORM OF TRAPEZIUMS. 

Fields in this form are usually divided into two triangles by 
a diagonal, which is a base to both the triangles. 

Let A B G D be a field in the form of a trapezium, the pica 
and area of which is required. 

Measure from A towards C; and let the place of the perpen- 
dicular 9?} B be at 5*52, and its length 3*76, also let the plaoe of 
the perpendicular 9Z D be at 11 *82, and its length 3*44, and the 
length of the whole diagonal AG be 13*91 chains, which oom- 
pletes the survey : but it is usual also to measure the other 
diagonal B D for a proof line, which is found to be 9*56 chaiat. 

Note I. The constrnction of each of the two triangles, forming the trapezinxB* 
is the same as the construction given to the first example in Pbob. II. 

Note 2. The longer of the two diagonals should always be selected for the 
base of the two triangles, forming the trapezium, for sometimes tlie perpendicular 
will not fall on the shorter diagonal, without its being prolonged; and whfln 
this is the case with both diagonals, one of the sides may be taken for a base, or 
two of the sides^ if necessary. 

TO FIND THE CONTENT. 

EuLE. Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content 

EXAMPLES. 

1. Let the measurement of a trapezium be as above found} 
required the content. 
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344 
376 

720 
1391 

27820 
9787 

2)1001520 

5-00760 
4 

b'03040 
40 

1*21600 Ans. 5a, Or* Ip, 

2. From the following notes, plan and find the content of a 
field. 




Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 




to © C 






3250 
2504 


1046 D 


B 1278 


1272 




Begin 


at A 


and range WesSL 



Content d7a. 3r. 2p. 
8. Give the plan and area of a field from the following notes. 



B652 



Begin at 




545 C 

and range E. 

Area. 5a, Or, Z5p. 



ANOTHEB Ml^TBOD. 

A four-sided field may frequently be surveyed by dividing it [ 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 

TO FIND THE CONTENT. 

EuLE. Multiply the sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Pbob. XL, and both be 
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added to the doable area of the trapesoid; the sum being 
diyided by 2, will give the content required* 

EXAMPLES. 

1. Eequired the survey and area of the following field. 

Measure tho base A B, and put down in the field book tbe 
distances of P and Q» where the perpendiculars xiae, &&| ai 
below. 

Trapezoid PC DQ. 
352 I ^„ 



QD=595 

PC = 352 

Perpen. 



to D. 

AB=1097 

AQ=s 745 

AP=s 110 

From A go E. 



947 sum. 
635 = PQ. 



Triangle A C P. Triangle QD a 
352 595 

110 352 



S8720 



9975 
8570 
1785 

217175 



4735 
2841 
5682 

661345 

38720 

217175 

2)8-57240 

42862 

4 

1*1448 
40 




A P 





Area. 4a. Ir. 5|p. 5-7920 

2. Required the plans and areas of two fields from tbe fol« 
lowing notes. 



D513 
C683 
From 

Problem IV. 

TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR SIDES. 

Fields or plots of ground bounded by more than four sides, 
may be surveyed by dividing them into trapeziums and tri- 
angles. — Thus, a field of five sides may be divided into a trape- 
zium and a triangle; of six sides, into two trapeziums; of seven 
sides into two trapeziums and a triangle; &c. 

TO FIND THE CONTENT. 

Rule. By the two last Problems, find the double areas of 
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each trapezium and triangle in the field; add all the double 
areas together^ and half their sum will be the content. 

EXAMPLES. 

1. Lay down a field and find its area from the following 
dimensions. 





to © D 




520 


T 


288 


G120 


206 




Go to F. 




to G 




440 


D230 


152 




L. of C. 




to C 




550 


B180 


410 


m 


135 


Begin 


at A 



80 E 
o 




n 

130 G 
range £• 



CONSTRTjCTION. 

The above field is divided into trapeziums ABCG, GDEF 
and the triangle G C D. — Draw the diagonal A C, which make 
= 550 links; at 135 and 410 set off the perpendiculars mG = 
130, and »B = 180 links respectively; join AB, BC, CG, and 
GAy and the first trapezium will be completed. Then on C G, 
lay off C g' = 152, and draw the perpendicular g' D = 230 ; 
join CD, DG, and the triangle is completed. Lastly, with cen- 
tre G and radius o G = 120 describe an arc ; and with centre 
D and radius oD = 314 (= 520 — 206) describe another arc, 
intersecting the former in o : through o draw the diagonal D F 
= 520 links, upon which, at 288 links, draw the perpendicular 
r E ; join D E, E F, F G, and the figure will be completed. 



ISO 


440 


120 


Double areas. 


180 


230 


80 


170500 trap. ABCG. 
101200 tri. CDG. 
104000 trap. D£FG. 


310 


13200 


200 


550 


88 


520 








^ 


2)3-75700 




^^ 




15500 


101200 


104000 




1550 






1-37850= la. 3r.20ij 



170500 
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2. Required the plans and areas of two fields from the fol- 
lowing dimensions. 



First Field. 



■ 


to A 




504 


E98 


233 


Return 


to B 




to D 




673 


C207 


472 




427 


Begin 


at A 



Base. 



Diag. 

268 B. 
range W. 



Area la, 3r. I5p. 



Second Field. 





to F 




970 




520 


E290 


413 




R.of0D 




to P 




744 


C161 


386 




303 


Begin 


at A 



Diag. 
181 B. 



Diag. 

333 B. 

range W. 



Area 4a. Or. 9^. 



ANOTHEB METHOD. 

A small piece of land, having several sides, may sometimes 
he most conveniently measured hy taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus he divided into right angled triangles 
and trapezoids, the areaa of which must he calculated as in the 
two last Problems. • 

EXAMPLES. 

1. Required the plan and area of a field from the following 
iiotes. 





to G 




1020 


P470 


890 


e 


610 


D320 


585 


Q70 


440 


b 


315 


Begin 


at A 



/ 

50 K 
d 
c 

350 B 
goE. 




NoTB. The method of planning the above field is snf&ciently clear, from the 
preceding field-notes and from what has been already done. 
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Triangle A e. 
Ac =440 
Cc= 70 



Trape.C6(fD. 
Dflf= 320 
Gc = 70 



Trape.Dd/F. 
Dflf= 320 
F/= 470 



30800 sum = 3908Cim=: 790 
c£f = 145ef = 395 



TriF/G. 

/G=130 



TrlAJB. 
A&»315 



P/ = 470B^ = 350 



13050 
435 



3950 



2370 



56550 240950 



Trapezoid B ^ tf E. 
Bd =z 350 
Ec = 50 



atim s= 400 
^6 =295 



118000 



Triangle E « G. 
Ga = 410 
Ee = 50 



20500 



9100 
52 



61100. 



15750 
945 

110250 



2. Lay down two pieces o 
om the following dimensions* 

First piece. 



Double areas. 

30800 

56550 
240950 

61100 
110250 
118000 

20500 



2)638150 
3-19075 



from 



= 3a. Or. 30jp. Area. 
of ground, and find their areas, 

Second piece. 






to L 




M920 


4300 





k 


3340 


590 K 


1790 


3060 


• 


h 


2690 


320 II 


G1340 


2550 


9 


F800 


1760 


f 


e 


1560 


540 E 


d 


930 


300 D 


C910 


610 


c 





000 


600 B 


Begin 


at A 


goW. 



Area. 30a. 3r. 6p, 



Area. 53a« 2r. ^V'^* 
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Problem V. 



FIELDS INCLUDED BT ANT NUMBER OF CROOKED OB CURVED 

SIDES. 

When a field or estate is bounded by crooked fences, a line 
must be measured as near to each of them, as the angles or 
bends will admit; in doing which an offset must be taken to 
each corner or bend in the fence. When the fences are curved, 
these offsets must be taken so as neither to exclude nor include 
any of the land belonging to the ground to be measured. The 
offsets or perpendiculars thus erected, will divide the whole 
offset space into right angled triangles and trapezoids, the areas 
of which may be found as already shewn. 

NoTx T. When the offsets are short, that is, not greatly exceeding a chiin 
in length, their places on the line may be found by laying the offaet staff at 
right angles to the chain, as nearly as can be judged by the eye; but when the 
offsets are large, and correctness is required, their places must be found by the 
cross, and measured by the chain. 

Note 3. The quickest method of laying down offsets, is, by laying the 
feather edge of the plotting scale against the base or chain Ime, and sliding 
the offset scale along the feather edge to the several distances of the ofibets and 
prickinii; off their lengths, corresponding to their several distances. 

Note S. Unskilful surveyors usually add aU the o£&ets taken on one line 
togethdr tad divide the sum by their number for a mean breadth ; but this 
method is very erroneous, especially where the offsets vary greatly in lengthi 
and should therefore be avoided where great accuracy is required. 

EXAMPLES. 

1. Required the plan and content oiT a right-lined piece of 
ground by offsets, from the following notes. 




/ ff 





to ©B 





955 


n9l 


785 


9n57 


634 


ISS 


510 


klO 


340 


»84 


220 


^62 


45 





00 


Begin 

1 


at © A i 

1 



h 

y 
f 

e 
d 



•range E. 
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Ac 

ch 



= 45 
= 62 

90 
270 



2790 



ch 
di 


= 62 

= 84 


cd 


146 
= 175 




730 
1022 
146 




25550 



di = 84 
c* = 70 

154 
de = 120 



18400 



«A = 70 
// = 88 



158 
ef = 170 



11060 
158 



h'n 



i/h' 



= 57 
= 91 



148 
s= 151 



148 
740 
149 

22348 



A' B = 170 
h'n z=i 91 



170 
1530 

15470 



26860 



Double areas. 
2790 
25550 
18480 
26860 
17980 
22348 
15470 
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// = 88 
gm ^ 57 

145 

fg =124 



580 
290 
145 

X7980 



^ (^ 



2)1-29478 



0-64739 = Oa. 2r. 23p. 



Calculation hy the erroneous meOiod (See Note 3). 
00 955 =AB. 

iq2 56|- = mean breadth* 



5730 

4775 
477 



0-53957 = Oa. 2r. 6/?. Content by tbis metbpd, which 
is 17 perches too little. For this method is al- 
ways erroneous except when the oiFsets stand 
at equal distances from one another, and 
when the first and last offsets are both 0. 
Some omit all the offset that are 0, dividing the sum of the 
offsets by the number of real offsets; by this method we shall have 

€)452 955 
75j 

ni 

4775 
6685 
S18 



0-71947 = Oa, 2r, 84j)., which is \\ poles too mu<2h.% 

2 
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2. To lay down a crooked piece of land, adjoiniDg a river 

from the following notes. 






to0 F 




197 


720 




163 


600 




226 


mo 




189 


350 




80 


200 




74 


100 







000 


fK 


Begin 


at© A 


range 



The content is found by the same method as in the preced- 
ing example. 

3. Plan and find the area of a field from the subjoined notes. 






to 0B 






743 




C382 


290 


P 


From 


©A 


goE 





toO A 







480 




87 


350 




28 


160 







000 
L.of©C 






toOC 






585 







450 


57 




320. 


40 




200 


72 




100 


47 




000 







L.ofoB 





Having found the area of the triangle ABC, the areas of the 
offsets on the line B C must be added thereto, and the sum of 
the areas of the insets on the line CA must be substracted from 
the sum, and the remainder will be the content of the field. 

Note. The area of the triangle ABO may be found, when the measarement 
of all three sides are given, (which is the case in the present example,) either 
by calculation, as shall hereafter be shewn, or by measuring the perpendicular 
from the plan, which, as already shewn, may be laid down from the three sides 
of the main triangle. 

4 The notes, plan, and content of the following field, the 
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lines for the nioasurement of which are sketched oat as below, 
are required. 




Here the double area of the trapezium A B C D is found, as 
in Problem III, to which the double areas of the several offsets 
on the lines A B, B C, C D, D A must be added, and the sum 
will be the double area of the whole. 

Note. A proof line, as A C should be measured, that the accnracj of the 
work may be insured : — ^but often pieces of ground are measured with the chain 
and cross that are never laid down, in this case great care should be taken in 
entering the field-notes, and in making the calculation. 

5. Required the plan and area of a field from the following notes. 





To fence. 


80 


2024 


84 


1900 


108 


1200 


66 


800 


24 


680 


60 


800 


130 


000 


From 


o c 




To fence. 


50 


1230 


70 


1100 


60 


800 


20 


480 


44 


300 


90 


000 


From 


O B 




To fence. 


66 


2180 


90 


2090 


112 


1600 


80 


1000 


96 


GOO 


60 


000 


Begin 


at0 A 



to© D 



goE, 



to ©C 





to© C 




2310 


B990 


1810 




720 


From 


O A 




To fence. 


96 


1320 


106 


1260 


80 


1000 


50 


760 


100 


400 


124 


000 


From 


© r> 



diag. 

1040 D. 
go N. W. 



to ©A. 



goa 



goN. 



to © B 



Double areas. 

4689300 Tra^ ABC D 

392220] I'AB 

131920 I ^ , JBC 

, > ofl&eta on < Q jj 

DA 



goW 



325016 
230280 ) 

2)5773736 

28*86868 = 28a. Sr. 19;>. 

TK^ "^ViftVfe ^^"»-. 
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NoiB. The field In this case has also four sides, like the one proposed to be 
measured in the last example. Fields of this kind are often reqniied to be 
measored in the rural districts, to ascertain the quantity of a growing crop^ as 
grain, hay, turnips, &c, when sold hy the acre ; also to find the quantity of 
reaping, mowing, planting, &c ; in these cases the plan is seldom or never re- 
quired, and the measurement is only taken as far as the growing crop extend^ 
leaving out the hedges, ditches, and all other waste or other ground, not occa- 
pied by the crop in question. 

6. Give the plan and area of a field from the following 
notes. 





to © A 





1134 


64 


916 


134 


728 


48 


470 


86 


245 





000 




R.of0D 




to 0D 





2236 


258 -h 


930 


160+60 


620 


130 


400 


84 


200 





000 




R. of C 




to © C 




1168 


E586 


656 




R. of B 




to B 





2346 


70 


2000 


88 


1800 


' 156 


1500 


92 


1200 


170 


800 


84 


400 





000 


Prom 

1 


A 



to B I 
884 
690 
512 
230 
000 
L. of E 





86 

118 

72 





B1060 



diag. 



to E 
774 
592 
400 
200 
000 
L.of0C 



to C 
2588 
2100 
200p 
1000 
580 
R.of0A 





148 
50 
112 




diag. 



970 D 
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Double areas. 
5253640 Trapezium A B C D 
684448 Triangle B E C 
445604") TAB 

249580( ^ , JCD 
149304 f^^^^^^^^D A 
135400) (Fj B 



29 



6917976 
107220 Insets on C E to be subtracted. 



2)68-10756 



34-05378 = 34a. Or. 8p. Area. 




AB 



Problem VI. 

TO FIND THE ABEA OF ▲ SEGMENT OF ▲ CIBCLE, OB ANT 
OTHEB CUBYELINEAL FIGUBB BY EQUIDISTANT OFFSETS OB 
OBDINATES. 

Rule. If a right line A 6 be divided a b c d e f g 
into any number of equal parts, AB, BC, 
CD, &c., and at the points of division per- 
pendiculars be erected, Aa, B6, Cc, &c., 
to the curve abed efg ; then to the 
ium of the first and last oifsets, add four 
times the sum of all the even offsets, and 
twice the sum of all the odd offsets, not including the first and 
last ; multiply the sum by the common distance of the ofisets, 
and one-third of the product will be the area, recollecting that 
the second, fourth, &c., are the even ofisets, and the third, fifth, 
&c., are the odd offsets. 

NoTB. If any portion of the figure is not inclndcd by an even number of 
offsets, its area must be found separately and added to the area found by the 
Bule. 

EXAMPLES. 

1. Required the plan and area of a piece of land measured by 
equidistant offsets or ordinates, from the following dimensions. 
(See last figure.) 



80 
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to0G 




A' 11 9b auu lash uiiocisk 


3nL 


=:376 = C& 


j?450 


600 


G 


l8t. =212=Aa. 


5th. 


= 430 = E«. 


f442 


500 


F 


Laats=3 450s=s6^ 






«430 


400 


E 






806 som. 


J 406 


300 


D 


662 sum. 




2 


376 


200 


C 


Even offsets. 






5 306 


100 


B 


2nd. =s 306 = B 6 




1612 twice SOUL 


o212 


000 


A 


4th. =5 406 = Drf. 




4616 


From 


O A 


goE. 


6th. = 442 = F/ 
1 154 sum. 




662 






6890 sum total. 








4 
-^— [sum. 
4616 quadrup 




100 com. distance 








1e 


3)6*89000 



Area. 2a. Ir. 7|p. =: 2 29666 

2. Required the plan and area of a piece of land, measured 
by equidistant offsets, the dimensions being as given below. 

175 First and last offsets. 
2233 Four times even offaetSi 
933 Twice odd ofilseta. 

3346 sum total. 

100 common distance. 



From 



to OB 




1071 


35 c 


1000 


4Sid 


900 


69J^ 


800 


87i 


700 


103 


600 


115 


500 


124 


400 


ISO 


300 


132 


200 


134 


100 


131 


000 


126^6 


O A 


goW. 



3)3-34603 



1-11533 Area Aac/i. 
2864 Trap. aBcdL 



1-14397= lo. Or. 23p. Area. 

Here the area of the trapezoid aBcdia found 
separately and added, agreeable to the preceding 
note. 



3. Flan and find the area of a piece of ground irom the 
equidistant offsets given below. 



90 Here the piece of ground is curved 
96 on two sides, the base line A B pass- 

91 ing nearly in the middle space be* 
82 tween the two curves ; in this caae 
69 the sum of the offsets on each aida of 
43 every distance must be considered as 
24 one offset, in finding the area. 

goE. 





to 0B 


115 


600 


126 


500 


130 


400 


121 


300 


110 


200 


93 


100 


70 


000 


Froui 


A , 
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4. Required the areas of two fields, the ends of which are 
straight and parallel, and the side curved by the following 
equidistant offsets. 



216 


to ©B 
1200 


200 


> 


to 0B 




150 


1100 


240 


210 


3097 


209 


116 


1000 


256 


180 


1000 


157 


100 


900 


255 


150 


900 . 


112 


77 


800 


260 


120 


800 


89 


65 


700 


259 


93 


700 


80 


67 


600 


250 


96 


600 


60 


80 


500 


229 


95 


500 


57 


100 


400 


202 


130 


400 


35 


1^0 


300 


180 


184 


300 


10 


160 


200 


144 


240 


200. 





«02 


100 


95 


315 


100 





277 


000- 


50 


890 


000 





From 


A 


goN. 
5p. 


From 
Ai 


A 


goW. 


Area 


Set, 3r, 3 


•ea 2a. 2r. 


I5p. 






Pkoblem VIL 






V 




TO MEASURE A LINE ACROSS A WIDE 

Let the annexed figure be a river, which 
is required to be crossed by the chain line 
P B. Hx, or cause to be fixed, a pole or 
mark at B, at or near the margin of the 
river, iu the line to be measured ; erect 
the perpendicular AD, measuring AC 
and CD of any equal lengths; at D erect 
the perpendicular DE; on arriving at E, 
in the direction B C, the distance D E 
win be equal to AB, the required breadth 
of the river. 

From the arrangement of the lines in the figure, it is evident 
that the triangles CAB, C DE are equiangular, and since AC 
was made = C t), the triangles are equal in all respects, and 
consequently A B = D E. 

KoTE. A safficient detail of methods of surveying hy the help of the cross 
which, though not much used by experienced surveyors, is a simple instmment, 
and its use readily understood by students. This method is, therefore^ a proper 
introduction to the higher branches of surveying ; besides, in rural districts^ 
Tillages, Ac, few surveyors use the more expensvvQ ixialTWTasa^^ \Jaft <3osiasv «a^ 
crom being found quite sufficient to measure the c\yia.Tk\X\Xea oi ^gw^va^ «rj\»^ 
and other each amall surveys as may be there required. 
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CHAPTER m. 

LAND SURVEYING BY THE CHAIN ONLY. 

This method of surveying has long been adopted bj ex- 
perienced surveyors ; who have found it, in general, more 
accurate and expeditious, as well as better adapted to laying 
down extensive surveys, especially where no serious obstructions 
from woodlands, water, buildings, &c., exist ; the use of the 
cross, in this method, being entirely excluded by some bwc* 
veyors, and by others only used for secondary purposes, as for 
taking occasionally long offsets, or for squaring of lines ob- 
structed by buildings, water, &c. Instead of the cross some 
use the Optical Square for these purposes ; which will be here- 
after described ; while some erect perpendiculars with the chain 
only, as shall be shewn in the following Preliminary Problems. 
The fundamental lines of surveys of this kind usually form a 
large triangle, or several triangles, abutting from one common 
base, which ought, if possible, to extend throughout the whole 
length of the survey. The sides of the triangle, or triangles, 
must run as near as possible to the external and internal fences 
of the estate, or district, to be surveyed; the sides of each 
triangle being connected by one or more lines, running any- 
where within the triangle, to determine the accuracy of the 
work. These lines are called proof or tie-lines; and where the 
estate to be surveyed contains a great number of indosures, 
the proof-lines may almost always be found available in deter- 
mining the positions of some of these inclosures. Where a 
great number of lines run within the main triangle, they are 
called secondary lines, and are usually numbered for the sake of 
reference. Some surveyors number the stations, or extremities 
of the lines; but the former method is here recommended. In 
small surveys, for preliminary instructions, the numbering of 
the lines is unnecessary, the stations being referred to by the 
letters of the alphabet, as already done in Chap. 11. 

PRELIMINARY PROBLEMS. 
Problem I. 

TO ERECT A PERPENDICULAR WITH THE CHAIN. 

Let a B be a chain-line, and A B the extended chain. It is 
required to erect a perpendicular to a B at B. Fix the end of 
the chain to the ground with an arrow at B ; fix also the 80th 
link of the chain, reckoning from B, at m, 40 links from B; 80 
Ui/ks of the chain now lyin<^ slack between "R and m. T^^ 
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hold of the dOth link 

of the chain from B| _ j 

and extend it till it 

take the position Bnm, 

the portions B n, m n 

of the chain heing . « 

palled tight; then — •-• — 

shall Bit be perpen- 
dicular* to the chain-line a B, and may be extended to any 
length required. 

This method of erecting a perpendicular, though not so ex- 
peditious as that by the cross or optical square, is quite sufficient 
for those surveyors, who scarcely once require a perpendicular 
m their operations for weeks together; thus avoiding the in- 
convenience of daily carrying a cross, or other such like instru- 
ment for this purpose. 

Problem II. 

TO HEASUBB A LINE IMPEDED BY AN OBJECT NOT OBSTRUCTING 

THE SIGHT. 

Let A B be a chain-line, the direct 
measurement of which is prevented by 
the unforeseen obstruction of the pond 
P. Measure An till it reach to, or 
near to, the edge of the pond, as to n, 
and fasten the ends of the chain to the 
ground with arrows at m and n, the 

distance i» n being made half a chain or 50 links. Take hold 
of the middle of the chain, and extend it firmly, till its two 
halves rest in the positions mo, on; thus making an equilateral 
triangle mno, each side of which is 50 links. In the direction 
m Oy measure to nearly opposite the middle of the pond, as to q. 
Again, make p q equal 50 links, fasten the ends of the chain at 
p and q, and extend its middle point to r, as before. In the 
direction q r, measure to s, till q s h^ equal to m q. Then 9 
will be in the line AB, and ms^ will be equal to mq or qs, 
which being added to Am wiU give the distance As. Offsets 
being taken to the margin of the pond, during the measure- 

* Since the parts Bn, nm of the chain are together 80 links, of which Bn is 
30, the remainder n m is therefore 50 ; also B m was made 40 ; whence 
40» + SO* = 50», that i3mB^ + B«« = t»»«; therefore by Eua I. 47. B» is 
perpendicnlar toB4?»,ormB»isa right angle. 

t Because the triangles mno,pqr, are both equilateral, the angles at m and 
a are each 60° or one-fiiird a right angle ; whence by Theot«avlV A\!kfe ^ss.'^'^ "a^ 
8 is also 60°; therefore all angles of the triai\g\e, wcl^ <yyaswsja'Wi>2k^ 
eqaalf that is. aa s= gs =s ms 

22 
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ment of the line mq^ qs^ and proper notes of the operatMQ 
made in the field-book, the measurement from « ta B may be 
continued. 

Problem III. 

TO MEASURE A LINE IMPEDED BY AN OBJECT OBSTBUCTINO 

THE SIGHT, AS A BUILDING. 

Let A B be a chain-line, the measurement of which is pre- 
vented by the building B. At w, four or five chains from the 
building, take a perpendicular mtij of such a length that the line 

n s may clear the building 
■r, 2 ? ^ B. At or near the boild- 



A y-m 




B 



ing take another perp^i- 
dicular pq^ exactly equal to 
m riy (these perpendiculars 
ought to be measured with 
the chain or a tape-line, if longer than the ofiset-stafF,) and 
poles being put up, correctly vertical, at n and q^ measure 
qsu in the direction nq of the poles, taking offsets to the 
building till it be cleared at s. Now on the line ^«^ at the dis- 
tance s Uy at or about equal to mp, erect the perpendiculars s r, 
* utj each exactly equal to mn or pq, fixing poles, correctly ver- 
tical, at r and t. These poles are evidently in the true direction 
A B, and the measurement of the line may now be continued 
from r to B, after adding the distance q s (which is equal to 
p r) to Ap, 

If the building, or other object, only protrude a few links 
over the line, the perpendiculars mn^ pq^ sr^ &C.7 may be 
erected by the offset-staff, as nearly correct as can be judged by 
the eye, and the results will be sufficiently accurate. 

NoTB 1. When an object, as a pond or pit, not obstracting the eighty pro- 
trudes only a short distance over the line .(see last figure) ; it will be sufficient 
to erect only the two equal pei-pendiculars pq, ra near its margin, with the 
ofiset-stafif, as correctly as can be judged with the eye, and the distance qSf 
being measured, and added to Ap, will give the distance A r. 

Note 2. Some imskilful surveyors square off the line, as they call it, when 
it is obstructed by a buildiug, or other object, that Impedes the flight, in the 
following manner. On arriving at or near the obstruction,, aa at p, a perpen;- 
dicular |) q is erected to A|7, another qsis erected to jp ^; a third s r, equal to 
p^, is erected to $« ; and lastly a fourth perpendicular r B to r«. Though tiiis^ 
last perpendicular is theoretically in the line A B, the student will at once per- 
ceive thiat when so many as four perpendiculars are taken, one upon another, at 
a very short distance from one another, that slight inaccuracies in the observa- 
tions, as well as in the perpendicularity of the poles, placed at py q, «, will have an 
ahMBt unavoidable tendency to derange the accuracy of the work ; since & small 
enor, made at the beginning, multiplies as the operation proceeds. But by the 
method given in this Problem, the two perpendiculars on each side of the ob- 
MtractWD, are placed so far apart, that a slight deviation in the perpendiculaiitjf 
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of the polM oaimot materially affect the accuracy of the work, while a slight 
error in erecting the perpendiculars, provided their lengths be made exactly 
equal, will no affect the work in the slightest degree. If, therefore^ ordinary 
care be taken, the chance of error is almost impossible. 

Problem IV. 

TO FIND THE WIDTH OF A BIYER, WlHCH IS TOO WIDE TO 
BE BEACHED ACROSS BY THE CHAIN. 

Let A B be the chain line crossing a river, 
situated between o and p, a mark being fixed 
at J9, on A B laj off oUy nm^ each equal 50 
links, and with the ends of the chain suc- 
cessively fixed at 09 It, and at n, m, lay down 
the equilateral triangles oqtiy nrm^ as in 
Problem II., poles being fixed at n, q^ and r. 
In the two directions pq^ nr, ^xsl pole at Sy 
and measure the distance rs accurately with 
a tape line to one-eighth of a link. Then by 
the similar triangles srq, q op, we shall have 

rs I qr :: oq : op. 
But qr=zoq=zon = 50 link, therefore, 




rs : on 



o «2 50« 2500 



on 






r 8 



r 8 r 8 

Whence the distance op becomes known* 

For those who do not understand a rule, when symbolically 
expressed, we give, in words at length, the following. 

Rule. Divide 2500 by the distance r«, and the quotient 
will be the breadth of the river, or the ^stance op^ which 
must be added to A o to give the distance A p. 

EXAMPLES. 

1. Required the breadth of a river by this method, when r « 
measures 15 links. 

Here -77- = 166f links = op. 

2. When rs measures 13^ links, required the breadth 6f the 
river. 

Here 2500 -s- 13J = ^^^^ = ^ = lOOJ links nearly. 

Problem V. 

TRIANGULAR FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to be surveyed, set up poles or marks at ^wi^v ^^srciec^vcL^'a^^'^- 
BU210 each side, leaving marks in at leaat Vwo olt \Joft\»fc^ ^^^^^ 
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entering their distances in the field-book ; then measure the 
distance between the two marks for a proof-line :—ory one 
mark only may be left in one of the lines, which may be con- 
nected with its opposite angle for a proof-line. 

EXAMPLES. 

1. Eequired the construction and ai*ea of a field from the fol- 
lowing dimensions. 

C 



line. 






to f» 


Proof 


384 


From 


m 




to A • 




1244 


© n 


700 




L. C 




to C 




852 




L. 0B 




to 0B 




1338 




1000 


m 


600 


From 


A 



range E. 



When the triangle A B C is 
constructed, the proof-line m n 
will be found to measure 384 
links, shewing that there has 
been no error in the work : 
also the perpendicular CD will 
be found to be 770 links ; 
whence the area of the triangle 
= 1338 X 770 -r- 2 = 5-15130 
= 5a. Or, 24p. the area. 

Note. If the proof line measured from the plan, does not exactly, or very 
nearly, agree ^vith that measured in the field, some error has been made, and 
the work must be repeated. 

TO FIND THE AREA OP A TRIANGLE FROM THE THREE SIDES. 

Rule. From half the sum of the three sides subtract each 
side severally and reserve the three remainders ; multiply the 
half sum continually by the three remainders, and the square 
root of the product will be the area. 

Note. By this rule the area of a triangle may be found without laying it 
down, or finding the perpendicular. 

Adopting the preceding example, we have by the rule, 

1338 + 852 + 1244 ,^,^ ^ ,. ^^ ^ 

■ — — ■ = 1717 = half sum of the three sides. 

Then 1717 — 1338 = 379 = 1st remainder; 1717 — 852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence y/(\ 717 X 379 x 865 x 473^ = 5-15022 = 5a.0r.24p. 
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the same as the area already fonnd bj measuring the perpen- 
dicnlar from the plan. 

KoTS. This method of finding the areas of trianglea la Teiy little nied in 
fnractioe, on accoont of its reqoiring a tedioos calcalation, wliich may, however, 
be more readily performed by logiuithms, as shall hereafter be shewn. 

2. It is required to laj down a survey and find its content 
from the following field-notes. 







toQA 






2504 







2000 


74 


D« 


1860 


851 to 




1650 


137 




1430 


90 




1220 


144 




850 


80 




425 


110 




000 







L.0C 






to0C 







1846 




80 


1072 




128 


708 




98 


458 







000 
L. 03 


• 




to0B 






1946 







1490 


96 




1200 


162 




1000 


112 


©» 


600 






520 


60 




000 




l!rom 


A 


goN. E. 




Having drawn the figure, the proof line m n will be found 
to measure 351 links, as in the field-notes; and the perpendi- 
cular B 6 to be 1066 links. 
Double areas. 

2644224 Triangle ABC 
655676 Ofisets on A B and A C 



3299900 Sum 
200616 Insets on B C 



2)3099284 Difference 
15-49642 = I5a. 2r. Op. neatVy, Wie^ ^x^^TWji^x^- 
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COMPUTATION OF THE AREA BT CASTINQ^ THAT IB, WT MMf 
DUCING THB CROOKED SIDES TO STRAIGHT ONBS. 

The ofi&ets in the kst example have heen computed, in num- 
ner abreadj shewn in Chap. L; but bj this method straight lines 
are drawn on the plotted figure so as to include as much space 
in the area to be measured, as they exclude, as nearly as can be 
judged by the eye, the area to be measured is thus reduced to 
a figure bounded by right lines only, which may thence be 
much more expeditiously reduced to triangles, trapeziums, &c 
The method of drawing these lines is usually by a straight edged 
ruler of transparent horn, or by a silken thread stretched with 
a bow; the ruler or thread being moved over the crooked fence, 
till it appear to the eye to enclose as much of the adjoining 
ground as is left out, a line is then drawn in this position ; and 
so on for other crooked fences. Thus the trouble of calculating 
numerous oflsets is completely avoided, and with proper care 
equal accuracy is obtained. 

2. We shall adopt the last ex- 

^ ample for this method of casting, 

: ^y\ that it may be seen how near the 

] I Y^ two methods agree. 

\ \j \^v^ The figure being constructed, 

A \"^N^ and the boundary drawn care- 

u x/^x, fully with ink, the chain*lines 

li ^vX must then be rubbed out, and the 

\ ^^v. ♦hree dotted lines A B, B C, C A 

:> ^Sw must now be drawn, in such a 

( \\ y^ manner, that the parts excluded 

y "~ — /--^B |)y tjjgm maybe equal to the parts 

/i // included, as nearly as can be 

[ : f judged by the eye. The base 

\ / A C will be found to be 2584 

^ /J links, and the perpendicular B h 

// = 1200 links. Whence 

// 2584X1200 ,^^^,^^ ,- „ - 
/y ^ = 1 5-50400 =: 1 5a. 2r. Ip. 

yf nearly, the area hy this method. 

//' If the area found by the true 

/J method be taken from the area, 

J/^ just found by casting, it will be seen that they 

, yf differ by little more than one pole out of 25^ 

vy acres, or little more than 1 in 4000 : thus 

15-50400 
1 5-49642 

* * 758 sqnare links, or little more than one v>ole. 
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Fom. It will benoe be leen at once tbat a gnat deal of trouble la saTed by 
Ua method, which is therefore generally adopted by practical aanreyora; 
lUMNigb it ia certamly leia anrrect than by calcnlatiDg from the oifteti^ the 
boMT method depending chiefly on the accuracy cf the caating Unea for the 
nitb of ita results; but practice will soon render it easy to draw the Unea ao 
18 to obtain almost perfect accuracy. 

8. Required the plans and contents of two fields bj both the 

nethods of calculation, viz., ofG»et8 and by castings, from the 

allowing field-notes. 





To©B 






1161 


Proof line 


hnni 


© D 






to0 A 






2640 






1200 


0D 




B.0C 






to0C 







1760 




es 


1600 




145 


1500 




190 


1400 




1X7 


1200 




120 


1100 




189 


1000 




120 


760 




127 


600 




120 


400 




90 


200 




111 


000 






R. 0B 


• 




To fence. 




61 


1861 




84 


1750 


0B. 


95 


1600 




129 


1400 




150 


1200 




130 


1000 




116 


800 




110 


600 




60 


400 




83 


200 







000 




From 


A 


go £. 



Content 18a. 8r. SSp. 





To0 A 





2160 


13 


2000 


99 


1800 


220 


1600 


259 


1400 


291 


1245 


212 


1100 


159 


1000 


61 


900 


82 


820 


71 


750 


109 


600 


140 


500 


147 


400 


173 


300 


140 


200 


93 


100 





000 




R. 0C 



(0D to ©B 
( 1198 pioof line. 





toQC 





1696 


61 


1600 


119 


1500 


161 


1400 


140 


1300 


96 


1200 


40 


1040 


91 


900 


179 


760 





660 


19 


540 


140 


400 


80 


300 


98 


200 


92 


000 




R. ©B 




To fence. 




1598 




1510 


¥tOTQ 


\ C^> K 



V0B 



CoxkUxA Via.*lT,*n\i^ 
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Nora. It will be seen that in the main triangles of these two sarvBys, the 
proof lines have been taken from a side of each to its opposite angle; which is 
the best method of proof, when convenient to make it ; bat it may be perfonned 
with equal accuracy by taking a proof line from one side to anothar, at a shoft 
distance from one (XT the angles of the triangle. 

Pbobleh VI, 

TOUR SIDED FIELDS. 

When a field has four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets : 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufficient to 
measure tie-lines across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tie-lines with their dis- 
tances from the angles on the main-lines will be found sufficient 
for planning the lines and proving them. 

EXAMPLES. 

1. In the annexed figure the 
lines AB, B C, CD, DA are 
measured, marks being left at j9, 
q, and r, And their respective 
distances on the lines noted in 
the field-book, thus furnishing 
the following method of laying 
down the plan. 

On A B, as a base, take Ap 
= given distance, and with the 
distances Ar, pr^ and centres 
A and p describe arcs cutting in 
r; then prolong Ar, and lay oif 
' ^ thereon the given length A D. 
In the same manner construct 
the triangle pBq, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field-book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 
XoTK, When the main lines that include tl\e chief \)ait o? l\vft jsyowtiA. lo he 
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rad «r« of oontiderable length, as firom SO to 40 cbain«, it will be neces« 
> take the tie-lines at least 10 chains from the angles, acroas which they 
la a tu n e d ; Ibr a small error, in laying down the plan with abort tie-lines» 
mae the main lines to deviate considerably A-om their tme position when 
gad. However, it sometimes happens that long tie-linea cannot be ob« 
in consequence of obstructions. In such cases the tie-line most be car»- 
neaanred to even one-fourth of a link ; the distance of each tie-Une from 
1^ and the tie-line itself must then be all multiplied by 4» thus throwing 
loa oat of the question, and with the three lines* thus increased, the 
la determining the position of an angle of the trapezium, may be accu- 
cooatructed. The proof-line and its distances from its angle must bo 
dy treated, that the accuracy of the work may be fully established. 

Required the plan and area of a straight-sided field from 
ollowing dimensions. 



To « 481 1 
Proof-line. .J 



To 0B 8331 
Proof-line . . J 



n 

From 



m 



r 



go North. 



lien the figure has been laid down, the diagonal A C will 
>und = 1926, and the perpendiculars thereon from B and 
ispectively = 632 and 514 links. Whence the area id 
Or. 5fp. 

Draw the plans, and find the contents of two enclosures, 
the following field-notes^ both by calculation from the ofi- 
EUid by casting. 

rs. In each of the two following examples, it will be seen that there are 
;raigbt sides, and two that require offsets : also, in the former example^ 
'the crooked sides is crossed by the chaitiA\ti«A^>3A -^t^Aoj^^VtARSu^^*^^ 
t corresponding to which must be sabtractM, aa VoL^^yrccASt cnsft^ 
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To0B 




2921 




2000 




1000 


Bctiini 


to0B 




to0C 




2960 




2000 




1000 




R.0A 




to0 A 




1344 




1000 




E. 0D 




to0D 





2488 


93 


2000 


140 


1600 


171 


1200 


135 


800 


60 


400 





000 




E.0C 




to0C 





1440 


171 


1300 


223 


1100 
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Problem VII. 



FIELDS HAYING MORE THAN FOUR SIDES. 

Yaiious methods will snggest themselves to the surTeyor fo 

taking lines to lay down a field that requires more than ton 

maia lines to take its boundary. The mikiiod. oi ^V\^m^ %\x^ 
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fields into trapeziums and triangles is, in most cases, circuitons, 
and displays little skill on the part of the survejor, especially 
where all the sides are crooked, and where a pUm is required. 
A few methods of surveying fields of this kind will, therefore, 
be presented to direct the student ; although their variety of 
shape is so endless, that no general rule can be giyen for laying 
out lines on the ground, that shall give an incontestably accur- 
ate plan. To tie every angle in succession, though true in 
principle, is by no means a safe method, especially where there 
are a great number of angles to be tied, as an error in one of 
the tie-lines will derange the whole of the work, without afford- 
ing the means of detecting where the error lies. 

NoTB. The following examples of sniveye of this kind occnrred in part of 
the author's extensive practice, as a surveyor of parishes, under the Tithe- 
Commissioners. The student is recommended to sketch the following specimens 
on a large scale, and find their contents by the usual methods. 

EXAMPLES. 

1. Here a field of 
five sides is surveyed 
by the same number 
of lines, viz. AB, BC, 
CD, Dm^ and An, the 
last two intersecting 
in E., These lines 
evidently constitute a 
decisive proof among 
themselves and all of 
them are available in 
taking the boundary. 

In surveying this field (poles or natural marks being sup- 
posed to be fixed at A, B, C, D, and E) commence close to the 
river's edge, in the Kne A B prolonged backwards, enter the 
ofisets and the station A in the field-book. On arriving at m, 
in the direction ED, enter its distance, and so on to O B, mea- 
suring the line to the fence; from B proceed to C, in like man- ' 
ner, measuring beyond the station to the fence. The place of , 
the u is to be noted, on arriving in the direction E A, while '• 
measuring CD. D m is next measured, the place of the E » 
being noted. Lastly, go from m to A, and measure A?^, enter- • 
ing the place of the E a second time, all the ofisets being 
supposed to be taken during the operation. 

Construction of the plan. Select the distances Am, AE, and 
E m from the field-book, and with them construct the triangle 
Am'E, prolong the sides to their eTiXAt^ \wiojXsa^ -sx^ \si ^Css&k 
boundaries^ and fix the placea o? t\i^ b»\."oX\.ov\^ ^^ u^ «»^^- 
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Now, if the measured length of D n just fit between D and 

the work is right with respect to the triangles A E m, ED ir«- 

Lastly, prolong Dn to the O C, and, if the distance from thence 

to the O B be the same as shewn by the field-book, the wholes 

of the work is right. But, if the distance Dm do not agree,^ 

the work must be examined from the beginning ; if only the^ 

distance B C fail, then only that distance and the portions m B, - 

C n need be examined. 

Note. It may here be proper to add that, if a straight fence had passed at 
or near the stations m and n, excluding the portion of the field towards B and 
G, these stations would have determined the position of that fence, thus com* 
pleting the survey of a five-sided field with only the four lines A nt, st D, D n, 
ti A, which may be measured consecutively. 

2. The annexed figure AmDwBCE is a seven-sided field, or 
rather resolveable into a seven-sided field for the purposes of 

surveying; one of the 
sides CE is straight, and 
the fence A m D » B ^oo 
much bent to be take^ 
by one line, crossing and 
recrossing it, with ofisets 
taken to the right and 
left. The lines here re- 
quired are only ^vq^ viz. 
AB, BC, CD, DE, and 
E A, which may be mea- 
sured consecutively. The stations m and 7» in A B, being care- 
fully noted in the field-book, give at once the means of laying 
down the plan, and proving its accuracy. The student will at 
once perceive that the triangle mnD should be first laid down, 
and its sides D m, D n, prolonged to the stations C and E, from 
whence the lines C B, E A, must respectively reach the points 
B and C to confirm the accuracy of the work. This done, the 
oifsets on the several lines may be laid off, through which the 
bent fences are to be drawn ; the side, C E, being straight; is 
determined by joining the stations C and E, whicbare assumed 
to be therein, or, what means the same thing, by the edge of its 

ditch or drain. 

Note. It ought here to be remarked, that by the ordinary method of sur^ 
veying, this field would require nine lines to efibct its survey, viz., for the tra- 
pezium A B G £, its four sides and two diagonals or tie-lines, thus making six 
lines ; and for the triangle Thnn, at least three other lines, (its tie-line included) 
thus making in all nine lines, or nearly twice the number required by the 
method here given. 

3. The following figure comprises two fields, by the side of a 
rjver; each Beld, for the purposes of surveyiiig, may \i^ -^ovi- 
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Aidered a five-sided field. The hve lines A B, B C, Cm, nE, 
ftQd E A, are found amply sufficient to accomplish an accurate 




sunrej, in consequence of the three fences, terminating at the 
river being straight, their positions are determined by the in- 
tersections of the surveying lines, the middle fence by three 
intersections, and the two end fences by two intersections and 
one ofl&et each, thus proving the accuracy of their positions. 
The two main triangles of the survey, viz. AnE, mBC, mutu- 
ally prove one another by the intersection at the station D. 

It will be unnecessary to explain the method of laying down 
the figure, as that will be obvious from what has been done 
before. It may, however, be proper to remind the student 
that the largest triangles ought to be laid down first, and the 
accuracy of the plan will be shewn by the agreement of the 
© D with the proper intersection of the lines Cm, E «. 

Note. By the common-place method, used by the generality of surveyors, 
the two fields, in the last example, are made to require no less than 12 lines 
instead of 5, as here shewn, viz., one in the same position as the A B, one near 
the three heaads in the river and two close by the right and left straight fences; 
thus forming a trapezium, which, with two diagonals, or tie- lines, requires 6 
lines in the usual way : the two triangles, abutting from the side of the trape- 
zium next the river, requiring, as sides and tie-lines, three lines each, that is, 
6 lines more for the purpose of taking the bends of the river; thus making 12 
lines in all, as already stated. 

4. Required the plan and the area of a field, having six 
sides, from the following field-notes, taken from an old, though 
still much practised, method. The first figure shews the lin^ 
according to the old, the second according to the improved 
method. 
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It will be Been, from tlie fleld-notcs and tlie first figure, uo 
leas than eleren lines are used to complete the Burvcy by the 
old method; whereas four lines will be found amply sufGcient 
to effect the same purpose : thus the three lines F B, B C, and 
CP, constituting the triangle FBC, are first measured, stations 
being led at m and n in the direction of the comet «t "£•, "iJia 



XiAND 8UBTETINO BY TSS CHAIN ONLY, 47 

^ne M E i« th^ measured through the n ; thus proving the 
Wangle PBC, and determing the position of the straight fence 
^E, which position is further proved bj offsets and a crossing 
at, and south of D, the crooked fences having been taken by 
offsets in the usual way: thus completing the survey with little 
]nore than one third of the lines required bj the former method. 
The student can readily add the field-notes in the latter case. 

5. Required the plans and contents of two straight-fenced 
ields, each having five sides, from the following field notes, as 
given by old methods. 
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KoTx. In the two preceding examples, nine lines are required in each case, 
by the circuitous methods there adopted. Each field, by th« iuv^rovod mfiUiada^ 
ben laid down, may be surveyed by five \iiies, ot >»>3Ki^'i3Aa\il ^w^l ^•►'^fisa^ 
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non tliH) Bee Teqniied hj ths methodi given in tlie preceding field notea. 
PndMlj Ibe aame syatem of lines may be adopted in the (bnner case, as has 
been done In the Exunple I. Tlie latter case is left to the ingenoitj of the 

Fbobleu VUl. 

'W'OOI>S, LAKK8, AND SfTAMPr OBOUKDS. 

When wooda, lakea, and awampy grounds are required to be 
SurreTed, where lines cannot he measured upon them, a syalem 
of lines must be adopted for each particular case, bo combined 
by triangulation as to prove their accuracy, among themselves, 
when laid down on paper. If the wood, or other inaccessible 
space, (aa far as measuring is concerned) be either of, or very 
near, a triangular shape, the three sides of a triangle will com- 
pass it, which nuy be proved by a tie-line at one of its corners, 
if the wood or lake will admit one of sufficient length, but, if 
not, any two of the sides of the triangle may be prolonged for 
this purpose, ofFsets, or rather insets, being taken to the bound- 
ary of the wood or lake, in the usual way. 

1. Here the three sides of the triangle AB C compass a lake 

or large pond, insets 
.c,C being taken there- 

from to the margin 
of the water. The 
accuracy of the work 
is proved by the tie- 
line p q, or, if this 
line be thought too 
■■. y ** » A short, (as it appar- 

*V' ently is) the sides 

AB, CB may be pro- 
longed to m and n, till B m, B n, each equal about one third of 
AB, and the tie-line mn, being measured, will establish the ac- 
curacy of the work, or prove it wrong, as the case may be. 

2. l%e annexed figure shews the survey of a wood, which is 
..-Sp effected by the four main-lines 
J,' A B, B C, C D, D A, the first 

line being prolonged to p, and 
, ^ ^ ,',' stations being left at m, n, and 

■^.^^. - - ->3.--- "r'-^v'fq 51 for the tie-lines mn,pq. It 

■ ■•^-- -* - --*■ ■~''' ■ scarcely need be added that 

when the lines A B, A D, B C, 
are laid down by the help of 
** " " J the two Ue-lines, the line B D 

tfiB eiacHy fit in, if all the work baa been nccutately done. 
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3. Required the plan and area of a wood from the following 
field notes, two of the fences of which are straight. 
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The figure being laid down, 
and reduced by casting the 
two crooked sides, the area 
will be found 458,065 square 
links, or 4a, 2r. 13p. 



Note. As a general rale for siurejing woods and lakes, the following may 
be given : — ^Measure as manj lines round the boundary to be surveyed as will 
oompass it, and tie all the angles, except the two last, as in the preceding ex- 
amples; yon will thus obtain a system of lines that will prove among them- 
selves, as the last measured side will just reach from the last station to the first, 
if the work have been done with accuracy. But the shapes of woods, &c., are 
so various that it would not be adviseable, in every case, to adhere to this 
method : much must, therefore, be left to the skill of the surveyor. In the 
southern counties of England, where coppice wood is sold by the acre for fuel, 
it is very frequently required to survey a portion of a wood, (the coppice being 
cnt down, and the large timber still standing) ; in such cases, the lines must l^ 
taken within the space to be surveyed, as the adjoining uncut coppice prevents 
their being taken outside. The lines must, therefore, be ranged among the 
growing timber, as well as they can ; and the tie-lines taken through the most 
convenient openings left by the trees. Surveys of this kind, it may be proper 
to add, are b^st performed with the help of the Prismatic Compass, or the Box 
Sextant, which are sufficiently accurate for the«e surveys, which are always of 
•mall extent 
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TO SURVEY A SMALL ESTATE, DIVIDED INTERNALLY BY 

STRAIGHT FENCES. 

A small estate, of a form nearly triangular, is divided int^^ 
six fields by four straight fences, as shewn on the annexecr^ 

plan. The survey 



commenced at A, b; 
measuring the line AD. 
taking the offsets, andl 
leaving stations at th& 
crossing of these fences 
at B and C. The. line 
DE is now measured, 
also crossing two of the 
straight fences. From 
the E the line E A 
is measured, leaving 
stations at the hedge- 
crossings F and G: thus 
completing the triangle 
A D E. Next, the line 
BG is measured, close to 
the straight fence B G, 
. and crossing the straight 
fence ab. Lastly, the 
line F C is measured, 
again crossing the straight fence a h and c o : a station being 
left at my about a chain's distance from o, and one chain mea- 
sured close by the fence oc to n, and from thence to O ^: (the 
last operation being, in most cases, the most readily performed 
before the line passes the fence c o) thus completing the survey. 
The position of the straight fence a 6 is proved to be correct 
by the crossing of three of the lines of the survey, viz., B G, 
F G, and D E ; the crossings made by these three lines on a 6, 
must be in a right line on the plan, otherwise there has been an 
error in the field notes. The straight fence o c has only two 
crossings by the surveying lines FC, DE, its position is, there- ■ 
fore, not duly proved to be correct without the tie-line m it, 
measured in the manner already stated. This expeditious 
method of proving the position of a straight fence, crossed by 
two chain lines (as the fence c o), was never adopted till done 
so by the author, in the parish survey under the Tithe Com^ 
mtsswnerSy who, in their instructions to surveyors^ directed the 
//^^/jis qfaU such fences to be measured to establisH the accu- 
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^oey of their positions. Now the measurement of the lenf^th of 
•Och a straight fence as c o, which is nearly perpendicular to 
^ke two chain lines that cross it, gives a very imperfect proof 
of the accuracy of its position, especially if it be a long one. 
Xn this latter case the fence o o might be a full chain from its 
trne position at one end, and its length, as shown by the plan, 
Voold be so near the measured length that the error would not 
1)6 detected ; whereas the tie line m n, shown on the plan, 
would detect the error at once, by its increased or diminished 
length. However, when two chain lines cross a straight fence 
obliqaely, the length of the fence, from crossing to crossing, 
evidently gives a sufficient proof of the accuracy of its position; 
yet to measure a short tie line, at one of the crossings, is a 
shorter method of proof, in all cases where the length of the 
fence is considerable. The method of proof recommended by 
the Commissioners in question, ought, therefore, never to be 
adopted, except where one or both of the chain lines cross the 
straight ience obliquely and at a short distance. It seems 
hardly necessary to remark that the positions of the straight 
fences G B, C F are determined by the lines measured close to 
them. Thus the survey of six ,fields may he made^ and its 
accuracy proved^ by five lines, with the two short tie lines m w, 
n o, which may he regarded as mere offsets. Besides, had the 
fences G B, C F heen crooked, the same lines would have ef' 
/ectecl the survey hy offsets thereon. Moreover, the survey of 
these six fielctSy all the internal fences heing as shown in the 
plan, may he accurately effected by four lines, in the following 
manner. The triangle A D E remaining as the foundation of 
the survey, let a station, or rather direction point, p be entered 
in the field notes, in the direction of the straight fence a b, and 
another similar point at q, in the direction of the straight fence 
oc; leave also a proper station mark, or pole, at r; on arriving 
at « in £ A, leave another station, in such a position, that a 
line from s to r will cross all the four straight fences. This 
last line will prove the fundamental triangle ADE and the posi- 
tions of the four straight fences, at the same time, without mea- 
suring the lines by the fences G B, C F; which can have now 
three crossings by chain lines, and the other two fences ah, oc 
have each two crossings by chain lines, and each one direction 
point, viz : p and q ; through which points these fences must 
respectively pass, after they have been drawn through their 
crossings on D E, and the other line from s to r, not shown on 
the plan. This method of determmmw \\v^ ^Ci'&\\AQrcL ^\ ^Nx'sx^sa^* 
fences, tbough theoretically eleganl, caxvaoX ^h^vj^N^^ ^-sisis^ 



52 



LAND SURVEYING BY THE CHAIN ONLY. 



practised, especially where the fences are high, or the groun 
hilly, thus preventing the directions of the straight fences being; 
seen to distant chain lines, as in the cases of the fence ab, oc, 
with respect to the chain line A D. 

THE METHOD OF MEASURIXa HILLY GROUND. 

When the ground, over which lines are iQcasured, rises or 
falls, or both alternately, the horizontal distances are what are 
required in plotting the survey, as well as for finding the con- 
tent thereof, and not the actual distances measured along the 
surface of the ground. 

For many ordinary purposes the horizontal measurement 
may be obtained by holding the end of the chain up so as to 
keep it horizontal, as nearly as can be judged by the eye, the 
arrow being placed vertical under the end so held up : but 
when a large and accurate survey is required, the distances 
must be measured along the line of ground, and the angles of 
elevation and of depression of the several inclined parts of the 
line must be taken, either with a common quadrant, or after* 
wards with the theodolite (to be hereafter described), and the 
lengths of the several rises and falls must be noted; from which 
the corresponding correct horizontal distances may be readily 
computed. The following table shews the number of links to 
be subtracted from every chain, or 100 links, for the angles 
there set down. 

Table shewing the reduction in links and decimals of a link 
upon 100 links for every half degree of inclination from 3° 
to 20° 30'. 



Angle. 


Redaction. 


Angle. 


Reduction. 


Angle. 
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3° O' 


0-15 


9° 


0' 
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30 
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30 
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4 


0-24 


10 





1-53 


16 
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30 
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0-46 




30 


2-01 




30 


4-63 


6 
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.Bjr this table the trouble of computation is a\o\d^^> w^'3 \)aa 
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distance, measured on each rise or fall, requiring to be multi- 
plied bj the reduction in chains corresponding to the angle of 
«ach rise or fall, and the product, subtracted from that dis- 
tance, will give the correct distance, as in the following 

EXAMPLES. 

!• A line was measured 12*43 chains, on ground having a 
nse of 8^ degrees, required the horizontal length of the line. 

Here to 8^% or 8° 30' corresponds the reduction 1*10 liukSy 
whence 

12*43 Whence 12*43 

MO 13*673 



13-6730 links 12*29*327 horizontal distance, 

in which the decimal, being less than half a link, is rejected ; 
thus making the correct horizontal distance 12*29 chains, or 
1229 links. 

2. The acclivity of a hill rises 20°, and measures 16*14 
chains, its declivity falls 1 1^° and measures 32*28 chains, re- 
quired the horizontal distance between the extremities of the 
line thus measured over the hill, it being level at the top 2*80 
chains, 

Here 16*14x6*08 = 98*1312 
32*28x2*01 =64*8828 



Whence 16*14 

32*82 

2*80 



163*0140 or 163 links, or 1*63 chains. 



51*22 
1*63 



49*59 chains, the horizontal distance required. 

XoTE. When fences are crossed, stations made, &c., on the acclivity or declivity 
of a hill, the horizontal distance up to such points must be found. Some sur- 
Feyors place the arrow forward a distance equal to reduction, due to the angle 
^f acclivity or declivity, at the end of every chain measured, and thus obviate 
,the necessity of reducing the line afterwards, having for the purpose a small 
pocket quadrant, so graduated that the plumb-line thereof shews, on observing 
the angle of elevation or depression, the reduction required for each chain. A 
great deal of trouble is thus saved as the theodolite cannot be conveniently 
carried about for this purpose. Such pocket quadrants are not made by the 
mathematical instrument makers, being the productions of clock makers or 
other mechanics, according to the various designs of surveyors. 
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THE USE OF THE PARALLEL RULER, 

IN REDUCING CROOKED FENCES TO STRAIGHT ONES, TO FAdL."^ 
TATE THE COMPUTATION OP THE CONTENTS OF FIELDS. 

As some surveyors prefer the parallel ruler to the melihocJ 
already given, for reducing crooked fences to straight ones, the 
method of using that instrument for this purpose is here given. 
This method is founded on a well-known proposition x)f Euclid, 
in which it is shewn that triangles on the same base, and be- 
tween the same parallels, are equal. 

C... ^^^ LetABC, ABDhe 

triangles on the same base 
AB, and between the same 
parallels A B, CD; then 
the triangle ABC is equal 
to the triangle A B D. And, if the triangle A E B, which is 
common to the other two triangles, be taken away, the remaining 
triangles A E C, BED will also be equal; whence equal areas 
may be transferred from one side of a line to the other, which 
is the principle, on which, as already said, the following Pro- 
blems are founded. 

Problem L 

it is required to reduce the offset-piece a b c d e to 

by an equalizing line 

Draw the indefinite 
line Ac perpendicular 
to AE. Lay the pa- 
rallel ruler from A to 
C; hold the near side 
of the ruler firmly, and 
move the further side 
to B, which will cut Ac at «, where a mark must be made. 
Lay the ruler from a to D, and the further side thereof being 
now held fast, bring the near side to C, marking Ac at b. 
Lay the ruler from b to E, move it parallel to D, marking A e 
at c. Join E c; then A E c is a right angled triangle required, 
and its area may be found by taking half the product of A E 
and A c. 

THE FOLLOWING IS A GENERAL RULE FOR SOLVING PROBLEMS 

OP THIS KIND, 

Draw a temporary line, as A c, at right angles, or at anj 
otlter angle to the chain line, as A E, o£ ti^o oSaeXa. 



A RIGHT ANGLED TRIANGLE AEc, 
Ec, WITH THE PARALLEL RULER. 
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. 1. Lay the ruler from the first to the third angle, and move 
H parallel to the second angle; then make the first mark on the 
tenporary line. 

2. Lay the ruler from the first mark on the temporary line 
to the fourth angle, and move it parallel to the third angle ; 
then make the second mark on the temporary line. 

3. Lay the ruler from the last named mark to the fifth angle, 
and move it parallel to the fourth angle ; then make the third 
mark on the temporary line. 

4. Lay the ruler from the last named third mark on the 
temporary line to the sixth angle, and move it parallel to the 
fifth angle; then make the fourth mark on the temporary 
Hne. 

In this manner the work of casting hy the parallel ruler may 
be conducted to any number of angles. Great care must be 
taken, during the operation, to prevent the ruler slipping, as 
Buch an accident will derange the whole of the work, if not 
discovered and immediately corrected. 

Problem IL 

to reduce a curved offset-piece to a right-angled 

triangle. 

Let A a b c d e^ be the 
curved offset-piece. Divide 
the curve by points a, b, &c., 
so that the parts A a, ab, &c., 
may be straight or nearly so ; 
and draw A 5 perpendicular to 
AB. Lay the ruler from A 
to b; move it parallel to cr, and mark A 5 at 1. Lay the ruler 
from 1 to c; move it parallel to b, and mark A 5 at 2. Lay 
the ruler from 2 to d; move it parallel to o, and mark A 5 at 3. 
Lay the ruler from 3 to e; move it parallel to d, and mark A 6 
at 4. Lay the ruler from 4 to B; move it parallel to e, and 
mark A5 at 5. Draw the line B5; then will AB 5 be a right 
angled triangle equal in area to the offset-piece AabcdeBj 
as required. 

EXAMPLES FOR PRACTICE ON THE TWO PRECEDING 

PROBLEMS. 

1. Lay down a right-lined offset-piece," from the following 
notes ; reduce it to a triangle by the parallel ruler ; and find 
its content, both by calculation fiom tb.^ of[§»^\"& wA ^3cL^ ^'^^6aa% 
of the ruhr. 
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From 



The area found by calculation from the offsets is Oa. 2r. 17/». 
and the perpendicular of the triangle, found by the casting of 

the parallel ruler, is 161 links. Hence ^ = 0.60455 

square links, or somewhat more than Oa. 2r, 16^p. It hence 
appears that the method of casting by the ruler, gives the con- 
tent very near the truth. In fact this method is mathematically 
accurate; but the danger of error, as already said, arises from 
the accidental slipping of the ruler during the operation. 

2. Lay down and find the area of a curve-lined offset-piece, 
from the following field notes : and find its area both by cal- 
culation, and by the casting of the parallel ruler. 
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By both the methods the area is found to be Oa. 2r. IS^p^ 
nearly, the perpendicular on A B being found 199 links by the 
casting operation. 

Problem HI. 

TO KEDCCE THE IRREGULAR FIELD ABCDEFGHK TO A 
TRAPEZIUM BY THE PARALLEL RULER, 

Prolong the line A K at pleasure. Lay the ruler from K to 

Cr; moveitparalleltoH, and mark AK prolonged at 1. Lay 

t/te ruler from 1 to F; move it parallel to Gr, and taaxk X^ 
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at 2. Lay the ruler from 2 to 

£• move it parallel to F, and 

Xxmk Al at 3. Draw a line from 

8 to E and prolong from E. Lay 
tbe mler from E to C; move it 
* parallel to D, and mark 3 E nt 
4. Lay the ruler from 4 to B; 
move it parallel to G, and mark 
3 E prolonged at 5. Draw a 
line from 6 to B ; then shall 
A B 5 3 be a trapezium, equal 
in area to the irregular figure 
ABCDEFGK; the area of 
which may be found by mul- 
tiplying the diagonal B 3 by 
half the sum of the perpendicu- 
lars thereon from A and 5. 

Note. In this manner the crooked 
tidear of a field may be successive!}' re- 
duced to straight ones. Thus, if the 
side A B had been crooked, the operation 
of straightening might be continued by 
prolonging the dotted line 5 B, and find 
successive points therein, corresponditig 
to the assumed angles, till the last angle 
was brought thereon, and so on with 
respect to the side AK, had it also been 
crooked. When the sides of a field are 
Curved, the method of reducing them to 
straight lines is the same as shewn in 
Problem IL 

Problem IV. 

TO DRAW AN EQUALIZING LINE THROUGH THE CROOKED FENCE 

abcde, so that the two fields ABea, aDCe may 

BE FOUR SIDED. 

Lay the ruler from a to C; ^ q 

move it parallel to b, and 
mark AD at 1. Lay the 
ruler from I to d; move it 
parallel to c, and mark A D 
at 2. Lay the ruler from 2 
to e ; move it parallel to d, 
and mark A D at 3. Draw 
the line e3, and it will divide 
the two fields, so that their 
quantities shall be the same «is xVio^^ Xi^lot^ ^^^-mX^Ns^ '^'^ 
crooked fence abcde. *^^ 
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It is scarcely necessary to add, that had the fence abcde 
been curved, the equalizing line might have been found as in 
Prob. 11. 

Note. The owners of adjoining estates sometimes agree to straigbten ftneei 
or boundaries, by an equilizing line of fence, or as they term it, ** by giving 
and taking equal quantities of land." When this is required to be dcn% the 
crooked or curved boundary fence must be first measured on the groand* and 
then plotted on a large scale ; when the equalizing lint may be drawn on the 
plan, as shewn in the last Problem, and the distance from D to 3, or from a to 
3, must be correctly measured by the scale: this distance must next be mea- 
sured in the field, accordingly as it is taken from D or o; and the new line of 
boundary e 3 may now be ranged and marked out, preparatory to making the 
required fence. Moreover, to guard against errors, in the preceding operation, 
it is advisable to measure, both on the plan and on the ground, the parts cot oH^ 
on each side of the new boundary line, thus proving the work, as an error is 
of serious consequence in these matters : and, if one is found to exist, it most be 
corrected before the boundary fence is made. 



SURVEYING LARGE ESTATES OR PARISBGES BY 

THE CHAIN ONLY, 

1. Having perambulated the boundary of the estate, parish^ 
or lordship to be surveyed, if you find that its boundary ap- 
proaches somewhat near to that of a four-sided figure, or trape- 
zium, the system of fundamental lines, adopted by order of the 
Tithe Commissioners of England and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
run close by, or as nearly as possible to, the boundary in 
question, thus forming a trapezium, four lofty station poles 
being placed at each angle, as objects for running the lines ; 
the other two lines must form the diagonals of this trapeziumy 
and therefore pass through the central parts of the survey, 
intersecting each other, the points of intersection being noted 
on measuring each line, so that when the system of lines are 
laid down on the plan, the proof of the accuracy of the work 
may be fully established, before the minor operations, or filling 
up, as it is called, is commenced. It will be necessary, more- 
over, in almost every case, to range the lines between every 
two of the main stations with long slender ranging poles, as 
the intervention of hills, fences, trees, buildings, &c., will fre- 
quently interrupt the view of even the loftiest station poles 
that can be obtained ; and more especially so, when the main 
stations are at a great distance, which depends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main-lines, every fence, road, stream, 
huUdijig, &c«« which is 2)assed or crossed must be noted in the 
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fcld-book, the several crossings and bends being sketched 
thereiiiy to the latter of which offsets must be taken. Stations 
most also be left on these main-lines at convenient situations 
for taking the interior fences, &c., of the survey, and their dis- 
linoes carefully noted in the field-book. From and to the sta- 
donSy thus lef^, or from and to points near them, secondary 
lines must be ran, as near the interior parts of the survey as 
possible, the crossings, offsets, and other remarks being made in 
the field-book, as already directed for the measurement of the 
msin*lines. These secondary lines will accurately fit between 
tibe points from and to which they have been measured, when 
laid down on the plan ; thus forming a net work of small 
triangles within the four large triangles, into which the survey 
is divided by the six fundamental lines. This principle of proof 
is founded on the obvious property of triangles having a com- 
mon angle always fitting one within the another, the common 
angle of both being coincident. The lines marked with the 
figures 1 to 6, represent the system in question, those without 
figures are the secondary lines. 




The main lines are numbered with the figures 1, 2, 3, &c, 
in small circles, as the most convenient method of reference to 
the field-book : the secondary lines must have these numbers 
continued on them, for the same purpose, but this is not done 
in the diagram^ to avoid confusing it. 
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It will be seen that the secondary lines mn^ rs arc prolonged 
beyond the system of main lines to give stability to the parts oS 
the survey that protrudes beyond line 2. It will also be seeuM 
that the positions of several straight fences are determined by 
triple intersections of the main and secondary lines, or by 
direction points taken in them, as shewn in Prob. IX. 

In the author's practice, as a surveyor, he adopted this me- 
thod, in the survey of the Parish of Tillington, Sussex, with 
the exception of bringing one of the diagonals to one of the 
angles of the trapezium, which, of course terminated in one of 
the side lines; thus giving a system of lines equally perfect, the 
end of the diagonal being only a few chains from the angle ; 
there being a considerable practical difficulty in laying down 
this system of lines, where the ground is hilly and woody, as 
was the case on this occasion. 

2. The system of main lines adopted by the author in the 
survey of the Parish of Woolbedding, in the same county, was 
the following. 




the base line A B being about five miles in length. To this 
survey, it may be clearly seen that the Tithe Commissioners* 
system of lines would not be at all adapted ; though some sur- 
veyors, in compliance with their orders, adopted their system, 
whatever might be the shape of the survey, thus wasting much 
valuable time, in running lines over grounds at a great dis- 
tance, in some parts, from the parish to be surveyed, and 
incurring the ridicule of both the scientific and the ignorant to 
boot. Such a course would evidently be required, in using 
their system in this survey : meanwhile a system of lines 
adapted to the shape of the survey, and constituting proof 
among themselves, as those shewn above do, are evidently the 
best. In this figure the interior fences and secondary lines of 
the survey are not drawn, as their great number would confuse 
the student; the author's object being to present a proper system 
offundameDtal lines for the survey in question. 
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3. The Parish of Lodsworth, B 

in the same county, presents an- 
other variety of shape; in the 
survey of which, the author at 
first laid the system of funda- 
mental lines shewn in the an- 
nexed figure; which had heen 
adopted, had he not, in the 
meanwhile, ohtained the survey 
of the adjoining parish; hoth pa- 
rishes were, therefore, included 

in one survey. The base-line 

A B of this parish was nearly 

seven miles in length, its long, 

narrow, zig-zag shape completely 

setting aside the universal me- 
thod put forth by the Tithe 

Commission authorities ; who, 

however, did not insist on their 

methods being adhered to, as 

they approved of the author's 

maps as of the first class, in 

this and many other cases where 

their method was not adopted. 

But such was the obsequiousness 

or ignorance of the great ma- 
jority of surveyors that, even in 

such incongruous cases as the 

one referred to, they persevered 

in the Tithe Office rule, in some 

cases by joining together two,^ 

three, or four trapeziums, with 

their diagonals, and sometimes 

by making the surveys after 

their own methods, and then 

drawing on their maps, the sys- 
tem, or groups of the systems, 

in question, and making a field- 
book to correspond thereto; they 

were thus at liberty to project 

lines in any direction they chose, 

without the trouble of measuring 

them; and many have exultingly 

confessed tbey did so, after tSe\r Ta;x^% \v^J^^l^^^v^^^^^^a^^•^ 
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the Tithe Commissioners : but how far such behaviour is to be 
commended, I leave the reader to judge. 

Having given the student a great variety of examples, both 
in small and large surveys, it will now be proper to describe 
the drawing instruments, required in laying down extensive 
surveys, as well as the more perfect field instruments, required 
in railway and other engineering surveys ; which are often of 
a complicated character, as are also private surveys of wood- 
lands and mountainous districts. These subjects will be treated 
of in Chap. V., where the proper forms of the field books will 
be given, for extensive surveys of every description. 
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CHAPTER IV. 
DRAWING & SURVEYING INSTRUMENTS. 

THE VERNIER SCALE. 

The nature of this scale will be best understood 
from its construction. — ^To construct a vernier scale, 
which will enable us to take off a number to three 
places of figures: divide all the primary divisions into 
tenths, and number these subdivisions, 1, 2, 3, &C., 
from the left hand towards the right, throughout the 
whole extent of the scale. Then take ofij with the 
compasses, eleven of these subdivisions, set the extent 
off backwards, from the end of the first primary 
division, and it will reach beyond the beginning of 
this division, or zero point, a distance equal to one of 
the subdivisions. Now divide the extent, thus set 
off, into ten equal parts, marking the divisions on the 
opposite side of the divided line to the strokes mark- 
ing the primary divisions and the subdivisions ; and 
number them 1, 2, 3, &c., backwards from right to 
left. Then, since the extent of eleven subdivisions 
has been divided into ten equal parts, so that these 
ten parts exceed by one subdivision the extent of ten 
subdivisions, each one of these equal parts, or, as it 
may be called, one division of the vernier scale, exceeds 
one of the subdivisions by a tenth part of a subdivi- 
sion, or a hundreth part of a primary division. In 
our figure the distances between the primary divisions 
are each one inch, consequently the distances between 
the subdivisions are each one-tenth of an inch, and 
the distances of the divisions on the vernier scale are 
each one tenth and one-hundredtli oC auixLck. 
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TO TAKE OFF A GIVEN NUMBER FROM THE VERNIER SCALE. 

£xample 1. Let the given number be 253. 

Increase the first figure 2 by 1, making it 3 ; because the 
Tcrnier scale commences at the end of the first primary division, 
and the primary divisions are measured from this point, and 
ooC from the zero point.* The first figure, thus increased, 
represents 35 of the subdivisions from the zero point, from 
which the third figure 3 must be subtracted, leaving 32, since 
three divisions of the vernier scale will contain three of these 
snbdivisions together with three-tenths of a subdivision. Now 
pboe one point of the compasses upon the third division of the 
vernier scale, and extend the other point to the 32nd subdivi- 
sion, or the second division beyond the third primary division, 
•nd, laying down the distance between the points of the com- 
passes, it will represent 263, or 25*3, or 2*53, according as the 
primary divisions are taken for hundredths, tens, or units. 

General Rule. — To take any number to three 'places oj 
figures Jrom this vernier scale, — Increase the first figure by one; 
tnbtraot the third figure from the second, borrowing one from 
the first increased figure, if necessary, and extend the com- 
passes from the division ugon the vernier scale indicated by the 
third figure, to the subdivision indicated by the number re- 
maining after performing the above subtraction. 

directions concerning plotting extensive suryets 

FROM this scale. 

During the time necessarily occupied in plotting an extensive 
survey, the paper on which the work is drawn, is affected by 
the different states of humidity of the air, and the parts laid 
down from the same scale, at different times, will not exactly 
correspond, unless the scale has. been first laid down on the 
paper itself, and all the distances of the survey have been 
taken from the scale so laid down, which will always be io the 
same state of expansion or contraction as the work on the 
plan. Therefore, for plotting an extensive survey, and accu- 
rately filling in the minutiae, a diagonal, or vernier scale may 
be advantageously laid upon the paper on which the plan is to 
be made. A vernier scale is preferable to a diagonal scale, be- 
cause in the latter it is extremely difficult to draw the diagonals 
with accuracy, and we have no check upon its errors; while in 
the former, the uniform manner in which the strokes of one 
scale separate from those of the other, is strong evidence of the 
truth of both. 

* If the vernier scale were placed to the left of the zero point, a distance leas 
than one prhnary diyiBion could not alirays \>« Iquh^ tx^ti \}&% v»!a« 
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XnE BEAM COMPASSES. 




The above engraving represents the instrument, which con- 
sists of a beam A A, of any length required, generally made of 
well-seasoned mahogany. Upon its face is inlaid throughout its 
whole length, a slip of holly or boxwood aa^ on which are 
engraved the divisions or scale, either in feet and decimals or 
inches and decimals, or such parts of either as may be required. 
Those made for the use of the Ordnance survey of Ireland, 
were divided to a scale of chains, 80 of which occupied a 
length of six inches, which, therefore, represented one mile^ 
six inches to the mile being the scale on which that important 
survey is plotted ; the present survey of the metropolis being 
plotted to a scale of 60 inches to a mile.* Two brass boxes B 
and C are adapted to the beam ; of which the latter may be 
moved, by sliding to any part of its length, and its position 
fixed by tightening the clamp screw E. Connected with the 
brass boxes are the points of the instrument G and H, which 
may be made to have any extent of opening by sliding the box 
C along the beam, the other box B being firmly fixed at one 
extremity of the beam. The object to be attained by this 
instrument is the nice adjustment of the points 6, H to any 
definite distance apart. This is accomplished by two verniers, 
or reading places &, c each fixed at the side of an opening in 
the brass boxes, to which they are attached, and affording the 
means of minutely subdividing the principal divisions a a on the 
beam, which appear through these openings. D is a clamp 
screw for a similar purpose to the screw E, that is, to ^x. the box 
B, and prevent motion in the point it carries after adjustment. 
F is a slow motion, by which the point G may be moved any 
minute quantity for perfecting the setting of the instrument, 
after it has been otherwise set, as nearly as possible, by the 
hand alone. 

* The first class parish maps of the Tithe Commission surrey are to a scale 
of three chains to one inch, or one mile to 26§ inches. Plans of private estates 
arc to various scales, but chiefly varjdng from 5 to 12 chaina to an inch, the 
smaller scales being chiefly adopted where the estates axe \ax^e, X\i»X VXvft ^ta 
Diajr be of a convenient size. 
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The method of setting the instrument may be understood 
from the above description of its parts, in conjunction with the 
following explanation of the method of examining and correct- 
ing the adjustment of the vernier &, which like all other me- 
chanical adjustments, will occasionallj become deranged. This 
verification must be performed by means of a detached scale. 
Suppose, for example, that the beam compass is divided into feet, 
inches, and tenths, and subdivided by the vernier into hundredths, 
kc. First set the zero division of the vernier to the zero of the 
principal divisions on the beam, by means of the slow motion 
screw F. This must be done with great care. Then slide the 
box C, with its point H, till the zero on the vernier C exactly 
coincides with any principal division on the beam, as 12 or G 
inches. To enable us to do this with extreme accuracy, some su- 
perior kinds of beam compasses have the box C also furnished 
with a tangent or slow motion screw, by which the setting of the 
points of division may be performed with the utmost precision. 
Lastly, apply the points to a similar detached scale, and, if the 
adjustment be perfect, the interval of the points G, H will 
measure on it the distance to which they were set on the beam. 
If they do not by ever so small a quantity, the adjustment 
ahould be corrected, by turning the screw F, till the points 
exactly measure that on the detached scale ; then, by loosening 
the little screws which hold the vernier b in its place, the posi- 
tion of the vernier may be gradually changed, till its zero coin<^ 
cides with the zero on the beam ; and, the screws being now 
tightened, the adjustment will be complete. 

THE PANTA6BAPH. 

The pantagraph, used for reducing or enlarging maps, con- 
sists of four brass bars A B, AC, D F, and F £ : the two 
longer bars A B, A C are connected by a moveable joint at A : 
the two shorter bars are connected in like manner with each 
other at F, and with the longer bars at D and E, and, being 
equal in length to the portions AD, A E of the longer bars, 
form with them an accurate parallelogram A D F E, in every 
position of the instrument. Several ivory castors support the 
machine parallel to the paper, and allow it to move freely over 
it in all directions. The arms A B and D F are graduated and 
marked ^, ^, &c., and have each a sliding index which can be 
fixed to any of the divisions by a miiled-headed clamping 
screw, seen in the engraving. The sliding indices have eacii 
of them a tube, adapted either to slide on a pin, rising from a 
heavy circular weight called the fulcrum, or to receive ql illdixi^ 
holder with a pencil or pen, or a\>\\xiit tt«ift\x^^"^WBX^^&xa.^^ 
required. 
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When the instrument is correctly set^ the tracing point, 
pencil, and fulcrum will be in one straight line, as shewn by 
the dotted line in the figure. The motions of the tracing point 
and pencil are then each compounded of two circular motions, 
one about the fulcrum, and the other about the joints at the 
ends of the bars, upon which they are respectively placed. 
The radii of these motions form sides about equal angles of two 
similar triangles, of which the doted right line B G^ passing 
through the tracing point, pencil, and fulcrum, forms one side : 
hence the distances passed over by the tracing point and pencil, 
in consequence of either of these motions, have the same ratio, 
and, therefore, the distances passed over in consequence of the 
combination of the two motions, have also the same ratio^ which 
is that indicated by the setting of the instrument. 

The engraving represents the pantagraph in the act of re- 
ducing a map to the scale of half the original. For this pur- 
pose the sliding indices are first clamped at the divisions on the 
arms, marked ^; the tracing point is then fixed in the socket at 
C, over the original map ; the pencil is next placed in the tube 
of the sliding index, on the bar D F, over the paper to receive 
the copy; and the fulcrum to that at B, on the bar A B. The 
machine being now ready for use, if the tracing point C be 
passed delicately and steadily over every line of the map, a true 
copy, but of one half of the scale of the original, will be marked 
by the pencil on the paper beneath it. The fine thread repre- 
sented as passing from the pencil quite round the instrument 
io the tracing point C, enables the drauglit&mvm ^t^Wtc^ti^ 
point to raise the pencil from the paper w\i\\e \vft Tjj«aa«a V>m^ 
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tracer from one part of the original to another, and thus to 
prevent false lines to be made on the copy. The pencil holder 
18 rarmonnted by a cup, into which sand or shot may be put, 
to press the pencil more heavily on the paper, when found 
neeessary. 

If the object were to enlarge the map to double its scale, 
then the tracer must be placed on the arm D F, and the pencil 
at C ; and, if a copy were required of the same scale as the 
original, then, the sliding indices still remaining at the same 
divisions on D F and A B, the fulcrum must take the middle 
station, and the pencil and tracing point those on the exterior 
bars AB, A C of the instrument. 

Though the pantagraph affords the most rapid means of re- 
ducing a map or drawing, we cannot recommend its use for 
enlarging a copy, or even for copying on the same scale, espe- 
cially when the original drawing is a complicated one ; we 
therefore proceed to mention some of the other means for the 
attainment of the two latter objects. 

To produce a copy of the same size as the original, — Lay a 
dieet of tracing paper, having its under side rubbed over with 
powdered black lead, upon the paper intended to receive the 
cofyy; the original being then placed over both, the whole may 
be made to lay steadily by weights placed thereon : the tracing 
point may now be carefully passed over all the lines of the 
drawing, with a pressure proportionate to the thickness of the 
paper; and the paper beneath will receive corresponding marks, 

forming an exact copy, which is afterwards to be inked in. 

NoTB. Copies of maps are also taken for ordinary purposes by laying tracing 
]Mper thereon, through which, from its almost transparent thinness, all the 
lines of the original can be seen, and readily traced with ink, on the tracing 
paper. Ck)pies, thus obtained, aro called tracings. 

Another method. — The drawing or map is placed on a large 
sheet of plate-glass, called a copying glass, and the paper to re- 
ceive the copy placed over the drawing. The glass is then 
fixed in such a position as to have a strong light to fall upon it- 
from behind, and to shine through it and both the original 
drawing and the paper to receive the copy. By this means the 
lines of the original drawing become visible through the paper 
to receive the copy, which can be made with precision and ease, 
without any risk of soiling or injuring the original. 

To copy with exactness on a reduced or enlarged scale, — ^For 
this purpose we have recourse to the method of squares, by 
which the most minute details may be copied with accuracy. 
This perhaps may be best shown by an example. Let figure 
2, in the annexed engraving repieaeiil «i^\axi ^1 «c^ ^Xs^^^i^ksl^ 
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it is required to copy upon a reduced scale of one half. Tha ' 

copy will therefore be half the length and half the breadth, and ; 

consequently will occupy but one fourth the space of the ori- ' 

ginat. The Bulyect is tha map of an estate, but the procesa ' 

would be precisely the some, if it were an architectnriil, me- ' 
chanicfll, or any other drawing. 

FijT- 1. Fijt. a. 



m 
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Draw the lines F I, F G- at right angles to each other; from 
the point F towards I and G, set oS any number of equal part^ 
asFa, a£, £c, &c, on the line F I, and Fi; ik,\l, &c., oathe 
line F 6: from the points in the line FI, draw lines parallel 
to the other Hoe F 6, as a a, £ A, c c, &c., and from the points 
on F G, draw lines parallel to F I, as i i, kh, II, &c, which 
being sufficiently extended towards I and G-, the whole of the 
original drawing will be covered with a reticule of small but 
equal squares. Next draw upon the paper intended for the 
copy, a similar set of squares, but having each side only one- 
half the length of the former, as is represented in figure 2. It 
will now be evident that if the lines AB, BC, CD. &&, fignre 1, 
be drawn in the corresponding squares in figure 2, a correct 
copy of the original will be produced, and of half the original 
scale. Commencing then at A, observe where in the original 
the angle A falls, which is towards the bottom of the square, 
■ marked de. In the corresponding equare, therefore, of the 
copy, and in the same proportion towards the left-hand side of 
it, place the same point in the copy: from thence tracing where 
Ahe curved line A F crosses the bottom line of that square, 
which crossing is about two-fifths of the width of the equare 
from the left hand corner towards the right, and cross it simi- 
larly in the copy. Again, as it crosses the right hand bottom 
corner ia the second square below de, descritKi it wj m the 
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lopy; find the position of the points eimiUrly where it croRsea 
9w Unes/y nnd gg, nbovo the line II, hj comparing the dis- 
luoes of such crossings from the nearest comer of a square in 
tte origiDB], and similarly marking the required crossings on the 
eorwponding lines on the copf. Lastly, determine the place 
of the point B, in the third square below g h on the top line ; 
tod a line drawn from A in the copy, through these sevenil 
pcoDta to B, will be a correct reduced copy of the original line. 
PiDceed in like manner with every other line on the plan, and 
its various details, and you will have the plot or drawing laid 
down to a small scale, yet bearing all the proportions in itself 
exactly OS the original. 

It may appear almost superfluous to remark, that the process 
of enlarging drawings, by means of squares, ia a similar opera- 
tkin to the above, excepting that the points are to he determined 
on the smaller squares of the original, and transferred to the 
larger squares of the copy. The process of enlarging, under 
any circumstances, does not, however, admit of the same accu- 
ncy as reducing. 

THE PRISMATIC COMPA89. 

With this instminent horizontal angles can be obserred wilh 
great rapidity, and, when used with a. tripod stand, with a con- 
nderable degree of accuracy; it is, therefore, a useful instru- 
ment fur fiUiag in the details of an extensive survey, after the 
principal points have been laid down hj means of observations 
made with the theodolite, hereafter to be described. It was 
used for this purpose by ^e gentlemen engaged in making the 
Ordinance enrveys. 




C ia a compass card, di7ided mxnllj to«^ts^^t:J,<ft'C£vi& 
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part of a degree, and having attached to its under side a mag- 
netic needle ; n is a spring, which, being touched by the finger, 
acts upon the card and checks its vibrations, so as to bring it 
sooner to rest, when making an observation, S is the sight 
vane, having a fine thread stretched along its opening, which is 
to cut the point to be observed by the instrument. The sight 
vane is mounted upon a hinge joint, so that it can be turned 
down flat in the box, when not in use. P is the prism, attached 
to a plate sliding in a socket, and thus admitting of being 
raised or lowered at pleasure, and also supplied with a hinge 
joint, so that it can also be turned down into the box, when not 
in use. In the plate to which the prism is attached, and which 
projects beyond the prism, is a narrow slit, forming the sight 
through which the vision is directed, when making an observa- 
tion. On looking through the slit, and raising or lowering 
the prism in its socket, distinct vision of the divisions on the 
compass card, immediately under the sight-vane, is soon ob- 
tained; and these divisions, seen through the prism, all appear, 
as each is successively brought into coincidence with the thread 
of the sight-vane by turning the instrument round, as continu- 
ations of the thread, which is seen distinctly through the part 
of the slit that projects beyond the prism. 

The method of using the instrument is as follows: — ^the 
sight-vane S, and the prism P, being turned up on their hinge 
joints, as represented in the figure, hold the instrument as 
nearly in a horizontal position as you can judge, or, if a tripod 
stand be used, set it as nearly as you can in a horizontal posi- 
tion by moving the legs of the stand, that thence the card may 
play freely, liaise the prism in its socket till the divisions on 
the card are seen distinctly through it, and, turning the instru- 
ment round, until the object to be observed is seen through the 
portion of the slit projecting beyond the prism, in exact coin- 
cidence with the thread of the sight- vane, bring the card to 
rest by touching the spring n; and then reading at the division 
upon the card, which appears in coincidence with the pro- 
longation of the thread, gives the magnetic azimuth or bearing 
of the object observed, or the angle which a straight line, 
drawn from the eye to the object, makes with the magnetic 
meridian.* The magnetic azimuth of a second object being 

♦ The magnetic meridian now makes an angle of 24* with the true meridian 
at London, the north point of the compass being 24" west of the tme north 
X)oint. This angle is called the variation of the compass, and is different at 
different places, and also at the same place at different times. Since this varia- 
tion ivill affect equally, or nearly so, all azimuths observed within a limited 
extent, and dmiag a limited time, the angles saUwid^ by any two of the 
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obtained in the same manner, the difference between these two 
azimuths is the angle subtended bj the objects at the place of 
the eye, and is quite independent of the error in the azimuths, 
arising from the slit in the prism not being diametrically oppo- 
site to the thread of the sight- vane. 

For the purpose of taking the bearings of objects much 
above or below the level of the observer, a mirror R is supplied 
with the instrument, which slides on and off the sight- vane S, 
with sufficient friction to remain at any part of the vane that 
may be desired. It can be put with its face either upwards or 
doYmwards, so as to reflect the images of objects considerably 
above or below the horizontal plane of the eye of the observer. 
If the instrument be used for obtaining the magnetic azimuth 
of the sun, the dark glasses D must be interposed between the 
sun's image and the eye. 

There is a stop in the side of the box, not shewn in the 
figure^ by touching which a little lever is raised and the card 
thrown off its centre; as it always should be, when not in use, 
or the constant playing of the needle would wear the fine agate 
point, on which it is balanced, and the sensibility of the instru- 
ment would be thereby impaired. The sight-vane and prism 
being turned down, a cover fits on the box, which is about 
three inches diameter, and one deep; and the whole being 
packed in a leather-case, may be carried in the pocket without 
inconvenience. 

THE BOX SEXTANT. 

This instrument, which is equally portable with the prisma- 
tic compass, forming, when shut up, a box about three inches 
in diameter, and an inch and a half deep, will measure the 




objects observed, being the difference of their azinmihs, will not be affecUd by 
the variation ; and hence the map or plan may be constructed with all the 
objects in their proper relative positions ; but the trae meridian mn&t \a ^s^ 
laid down on the map^ if required, by making a\\07iui5s^ tost ^^ ^ «:^«»Xt»u 
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actual angle between any two objects to a single minute. It 
requires no support but the hand, is easily adjusted, and, when 
once adjusted, seldom requires re-adjusting. 

When the Sextant is to be used, the lid E of the box, is 
taken off and screwed to the bottom, where it makes a conveni- 
ent handle for holding the instrument ; the telescope T, being 
then drawn out, the instrument appears as shewn in the figure 
A is an index arm, having at its extremity a vernier, of which 
30 divisions coincide with 29 divisions on the graduated limb 
//. and the divided spaces on the limb denote each 30 minutes, 
or half a degree, the angles observed being read off by means 
of the vernier to a single minute. The index is moved by turn- 
ing the milled head B, which acts upon a rack and pinion with- 
in the box. To the index arm is attached a mirror, called the 
index glass, which moves with the index arm, and is firmly 
fixed upon it by the maker, so as to have its plane accurately 
perpendicular to the plane in which the motion of the index 
arm takes place, and which is called the plane of the instru- 
ment ; this plane is evidently the same as the plane of the face 
of the instrument, or of the graduated limb / /. In the line of 
sight of the telescope is placed a second glass, called the 
horizon glass, having half its surface silvered, and which must 
be adjusted that its plane may be perpendicular to the plane of 

. the instrument, and parallel to the plane of the index glass, 
when the index is at zero. The instrument is provided with 
two dark glasses, which can be raised or lowered by the little 
levers seen at d, so as to be interposed, when necessary, between 
the mirrors and any object too bright to be otherwise conveni- 
ently observed, as objects in the direction of the sun. The eye 
end of the telescope is also furnished with a dark glass, to be 
used when necessary. 

To see if the instrument be in perfect adjustment, — ^Place the 
dark glass before the eye-end of the telescope, and looking at 
the sun, and moving the index backwards and forwards a little 
distance on either side of zero, the sun's reflected image will 
be seen to pass over the disc, as seen directly through the 
horizon glass, and if in its passage the reflected image com- 
pletely covers the direct image, so that one perfect orb is seen, 
the horizon glass is perpendicular to the plane of the instru- 
ment : but, if not, the screw at a must be turned by the key k 
till such is the case. The key k fits the square heads of both 
the screws seen at a and ^, and fits into a spare part of the face 
of the instrument, so as to be at hand when wanted. This ad- 

juBtment being perfected^ bring the reflected image of the sun's 
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lower limb in exact contact with the direct image of his upper 
limb, and note the reading of the vernier; then move the index 
back beyond the zero division of the limb, till the reflected 
image of the sun's upper limb is in exact contact with the 
-direct image of his lower limb, and, if the zero of the vernier be 
now exactly as far behind the zero of the limb, as it was at 
the former reading in front of it, the instrument is in perfect 
adjustment; but, if not, half the difference is the amount of 
«rror, which must be corrected by applying the key k to the 
screw at b, and turning it gently till both readings are alike, 
each being made equal to half the sum of the two readings first 
obtained. When this adjustment is perfected, if the zeros of the 
vernier and limb are also made exactly to coincide, the reflected 
and direct image of the sun will exactly coincide, so as to form 
but one perfect orb, and the reflected and direct image of any 
line, sufficiently distant not to be affected by parallax, as the 
distant horizon, or the top or end of a wall, more than a half a 
mile distant, will coincide so as to form one unbroken line. 

To obtain the angle subtended by two objects iw, or nearly in, 
the same horizontal plane. — Hold the sextant in the left hand, 
and bring the reflected image of the right hand object into coinci- 
dence with the direct image of the left hand object, and the read- 
ing of the instrument will give the angle between the two objects. 

To obtain the angle sitbtended by two objects in, or nearly in, 
the same vertical plane, — Hold the instrument in the right 
hand, and bring down the reflected image of the upper object 
by turning the milled head B, till it exactly coincides with the 
direct image of the lower object, and the reading of the instru- 
ment will give the angle between the two objects. 

It will be seldom that the surveyor need pay any attention to 
the small error arising from parallax, but, should great accuracy 
be desirable, and one of the objects be distant while the other 
is near, the parallax will be elliminated by observing the dis- 
tant object by reflection, and the near one by direct vision, 
holding the instrument for this purpose with its face downwards, 
if the distant object be on the left hand. If both objects be 
near, the reflected image of a distant object, in a direct line 
with one of the objects, must be brought into coincidence with 
the direct image of the other object, and the parallax will thus 
be elliminated. 

For the purposes of surveying, the horizontal angles between 
objects are chiefly required, atid the reduction of these angles 
from the actual oblique angles subtended by the objects, would 
be a troublesome process. If l\vft sixv^*^ ^vj^AaxAa^ \il ^2«^ 
objects be large, and one be not mucVi YA^'et ^"wv ^^ ^^^osest^ 
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the actual angle observed will, however, be a sufficiently near 
approximation to the horizontal angle required; and if the 
angle between the two objects be small, the horizontal angle 
may be obtained, with sufficient accuracy, by taking the dif- 
ference of the angles observed between each of the objects, and 
a third object at a considerable angular distance from them. 
With a little practice the eye will be able to select an object in 
the same direction as one of the objects, and nearly on a level 
with the other object, and the angle between this object and the 
object selected will be the horizontal angle required. 

For laying off long offsets, or perpendicular distances from a 
station line. — The pocket sextant is a most convenient instru- 
ment for this purpose: for by setting the index to 90% and 
w^alking along the station line, looking through the horizon 
glass directly at the further station staff, or any other remarka- 
ble object on the station line, any object off the station line will 
be seen by reflection, when the observer arrives at the point 
where the perpendicular falls from this object upon the station 
line, and the distance from this point to the object, being mea- 
sured, is its perpendicular distance from the station line* 

THE OPTICAL SQUARE. 

For the purpose of measuring long offsets and perpendiculars, 
this instrument is now very generally used, which consists of 
the two glasses of the sextant fixed permanently at an angle of 
45°, so that any two objects seen in it, the one by direct vision 
and the other by reflection, subtend at the place of the observer 
an angle of 90°. 

THE THEODOLITE. 

The theodolite is the most important instrument used by 
surveyors, and measures at the same time both the horizontal 
angles between two objects observed with it, and the angles oi 
elevation of these points from the point of observation. 

The instrument may be considered to consist of three parts ; 
the vertical limb for measuring vertical angles, the horizontal 
limb for measuring horizontal angles, and the parallel plates, in 
the lower of which is a female screw, adapted to the staff-head, 
which is connected by brass joints with three mahogany legs, 
so constructed as to shut together and form one round staff, a 
very convenient form for portability, and, when opened out^ to 
make a firm stand, be the ground ever so uneven. 

The horizontal limb is composed of two circular plates L and 

V, which fit accurately one upon the other. The lower plat^ 

projects beyond the other, and its projecting edge is sloped ofi; 

nnd graduated at every half-degree. The upper plate is called 

the vernier plate, and has portions o£ its edg^ aVop^^ o«» ^q %9^ 
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t- form with the sloped eJge of the lower plate continued por- 
tions of the snme conical surface. Theee sloped portions of the 
upper plate are graduated to form the Terniers, by which the 
limb is subdivided to minutes. The five-inch theodolite, repre- 
sented in the figure, has two aueh verniers 180° apart. The 
lower plate of the horizontal limb is attached to a conical axis 
passing through the upper parallel plate, and terminating in a 
ball fitting in a socket, upon the lower parallel plate. This 
axis is hollowed to receive n similar conical asis, ground ac- 
curately to fit it, so that the axis of the two cones may he 
exactly coiftcident. To the internal axis, the upper, or vernier 
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plate of the horizontal limb is attached, and thus, while the 
whole limb can be moved through any horizontal angle re- 
quired, the upper plate only can also be moved through any 
desired angle, when the lower plate is fixed by means of the 
clamping screw C, which tightens the collar D. T is a slow- 
motion screw, which moves the whole limb through a small 
space, to adjust it more perfectly, after tightening the collar D 
by the clamping screw C. There is also a clamping screw c 
for fixing the upper plate to the lower, and a tangent screw /, 
for giving the upper plate a slow motion upon the lower, when 
so clamped. Two spirit levels B, B are placed upon the 
horizontal limb, at right angles to each other, and a compass 
G is also placed upon it, in the centre between the supports 
F F of the vertical limb. 

The vertical limb N, N is graduated on one side at every 
30' minutes, each way from to 90°, and subdivided by the 
vernier, which is fixed to the compass box, to single minutes. 
Upon the other side are engraved the number of links to be 
deducted from each chain, for various angles of inclination, in 
order to reduce distances measured on ground rising or falling 
at these angles, to the corresponding horizontal distances. The 
axis A of this limb must rest in a position truly parallel to the 
horizontal limb, upon the supports F F, so as to be horizontal 
when the horizontal limb is set truly level, and the plane of the 
limb N N must now be perpendicular to its axis. On the top 
of the vertical limb N N is attached a bar that carries two Ys 
(so called from their shape), for supporting the telescope, which 
is secured by two clips c, d; and underneath the telescope is a 
spirit level s s, attached to it at one end by a joint, and at the 
other by a capstan-headed screw. The horizontal axis A can 
be fixed by a clamping screw C; and the vertical limb can then 
be moved through a small space by the slow -motion screw i. 

Before commencing observations with this instrument, the 
following adjustments must be attended to: — 

1. Adjustments of the telescope for parallax and collimatiotu 

2. Adjustments of the horizontal limb for setting the levels on 
the horizontal limb to indicate the verticality of its axis, 

3. Adjustment of the vertical limb for setting the level be^ 
neath the telescope to indicate the horizontality of the line of 
collimation, 

1. Parallax and collimation. Move the object-glass o by the 

screw M, and the eye-glass E with the hand, till distant objects 

and the cross wires within the telescope, appear clearly de- 

£ned; and the adjustment for parallax. vf\\l "b^ completed, 

•^ext^ direct the telescope to Bomie well-de^xv^^ o\i^^QX ^\. ^ 
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great distance; and see that the intersection of the cross wires 
cut it accurately; then loose the clips c, dy that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during the whole revolution. If it does, it is in adjustment; if 
not, the line of collimation, or optical axis of the instrument, 
is not in the line joining the centres of the eye and object- 
glasses. To correct this error, turn the telescope on its axis, 
and by means of the four conjugate screws «, «, &c., that move 
the cross wires, correct for half the error, alternately loosing 
one screw and tightening its opposite one, till the cross wires 
cut the same point of the distant object, during an entire revo- 
lution of the telescope round its axis. 

2. Adjustment of the horizontal limb, — Set the instrument 
Tip as level as you can by the eye, by moving the legs of the 
stand. Tighten the collar D by the clamping screw C, and, 
unclamping the vernier plate, turn it round till the telescope is 
directly over two of the parallel plate screws. Bring the bubble 
b of the level ss, beneath the telescope, to the centre of its run, 
by turning the tangent screw i. Turn the vernier plate half 
round, bringing the telescope again over the same pair of pa- 
rallel plate screws ; and, if the bubble of the level be not still 
in the centre of its run, bring it back to the centre, half-way 
by turning the parallel plate screws, over which it is placed, 
and half-way by turning the tangent screw t. Repeat this 
operation till the bubble remains accurately in the centre of its 
run, in both positions of the telescope ; and, then turning the 
vernier plate round till the telescope is over the other pair of 
parallel plate screws, bring the bubble again to the centre of its 
run by these screws. The bubble will now retain its position 
while the vernier plate is turned completely round, shewing that 
the internal axis, about which it turns, is completely vertical. 
The bubbles of the levels on the vernier plate being now, there- 
fore, brought to the centres of their tubes, will be adjusted, and 
also shew the axis to be vertical. Now, having clamped the 
vernier plate, loosen the collar D by turning back the screw C, 
and move the instrument slowly round on the external axis, 
and, if the bubble of the level ss maintain its position during 
a complete revolution, the external and internal axes are coin- 
cident, both being vertical at the same time ; but, if the bubble 
does not maintain its position, it shews that the two parts of the 
axis have been inaccurately fitted, and the fault can only be 
remedied by the instrument-maker. 

3, Adjustment of the vertical limb.— T\v^>a\x\i\i\^ ^'l ^^X^-^^ 
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US being in the centre of its tube, reverse the telescope end for 
end in the Ys, and, if the bubble does not remain in the same 
position, correct for one half of the error by means of the 
capstan-headed screw at the end of the level, and for the other 
half by the vertical tangent screw u Repeat the operation till 
the result is perfectly satisfactory. Next turn the telescope 
round a little both to the right and to the left, and, if the 
bubble does not remain in the centre of its run, the level s s 
must be adjusted laterally by the screw at the other end. This 
adjustment will probably disturb the first, and the whole ope- 
ration must be carefully repeated. By means of the small screw, 
fastening the vernier of the vertical limb to the vernier plate 
over the compass-box, set the zero of the vernier to the zero of 
the limb, and the vertical limb will be in perfect adjustment. 

Note. The adjustments of the theodolite here given are essentially the same 
as those giren by Heather, in his * Treatise on Mathematical Instruments,' 
as being adapted to the plate of the instrument, which is taken from his work, 
though I prefer the concise methods, I have given at page 318 of my Additions 
to the ninth edition of * Nesbit's Surveying.* 

TO TAKE A HORIZONTAL ANGLE "WITH THE THEODOLITE. 

The theodolite being assumed to be in proper adjustment, the 
bubbles in the two levels B B, by a proper opening of the legs 
of the instrument should be made nearly central, and the 
plummet suspended beneath it should also hang over the sta- 
tion at which the angle is to be taken: then unclamp the 
whole instrument by means of the screw C, keeping the other 
motions clamped, and set the horizontal limb level, as already 
shewn in the first adjustment. Now clamp the whole instru- 
ment and unclamp the vernier plate; set the arrow of the 
vernier to 360®, or zero, on the lower plate, adjusting the points 
carefully by the microscope m, and the adjusting screw u 
Again unclamp the whole instrument, turning it to the left of 
the two stations, between which the angle is to be taken, till 
the centre of the cross wires in the telescope cut the pole, flag, 
or other object in the station ; then clamp the screw C, and by 
gently turning the screw T, the most perfect accuracy may be 
secured. Next unclamp the vernier plate and turn it round till 
the cross wires cut the object at the second station ; then clamp 
and adjust the vernier plate, as before, and, having obtained 
perfect accuracy, read off the angle by means of the vernier 
with the microscope m. Lastly, read off the angle, in the same 
way, with the other vernier, and the mean, or half sum, of the 
tJbe two angles will be the correct angle. 
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TO TAKE A VERTICAL ANGLE. 

Having set the instrument level, as already explained, ob- 
serve at the same time whether the zero of the vertical limb 
coincides with that of its vernier, by the microscope attached 
thereto. These points being found coincident, raise or depress 
the telescope, till its optical axis, or cross wires, cut the object 
required ; then clamp, and adjust till perfect accuracy be ob- 
tained, when the angle may be read off, which will be an angle 
of depression, if the arrow of the vernier be between the zero 
of the vertical circle and the object glass of the telescope ; 
otherwise an angle of elevation. 

THE CIRCULAR PROTRACTOR. 

This instrument is a complete circle A A, connected with its 
centre by four radii a, a, a, a. The centre is left open and 
surrounded by a concentric ring, or collar, b, which carries two 
radial bars cc. At the extremity of one bar is a pinion d, 
working in a toothed rack quite round the outer circumference 
of the protractor. To the opposite extremity of the other bar 
is fixed a vernier, which subdivides the primary divisions on 

Si; 

'" -& 







the protractor to single minutes, and by estimation to 30 
seconds. This vernier, as may be readily seen from the en- 
^aving, is carried round the protractor by turning the pinion 
d. Upon each radial bar c, e is placed a branch e^ e, each 
branch carrying at its extremity a fine steel pricker, whose 
points are kept above the surface of the paper by springs 
placed under their supports, which give way when the branches 
are pressed downwards, and allow the points to TMak^^Jw^^w^-- 
cessary puncture on the paper. T\i<i '\iTaTv<iNicia e, e «t^ ^\as2o.^^ 
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to the bars c, c with a joint, which admits of their being folded 
backwards over the instrument, when not in use, and for 
packin;]^ in its case. The centre of the instrument is repre- 
sented by the intersection of two lines, drawn at right angles 
to each other, on a piece of plate glass, which enables the person 
using it to place it so that the centre, or intersection of the 
cross lines, may coincide with any given point on the plan. 
If the instrument is in correct order, a line connecting the 
fine pricking points with each other would pass through the 
centre of the instrument, as shewn by the intersection of the 
cross lines on the glass ; which it may be observed, are drawn 
so nearly level with the under surface of the instrument as to 
do away with any serious amount of parallax, when setting the 
instrument over a point, from which any regular lines are to be 
drawn. In using this protractor the vernier should first be set 
to zero, or the division marked 360, on the divided limb, and 
then placed on the paper, so that the fine steel points may be 
on the given line, from whence the angular lines are to be 
drawn, and that the centre of the instrument may coincide with 
the given angular point in the same line. This done, press the 
protractor gently down, which will fix it in position by means 
of very fine points on its under side. It is now ready to lay off 
the given angle, or any number of angles, that may be required 
from the given point, which is done by turning the pinion d till 
the opposite vernier reads the required angle. Then press the 
branches e e gently down, and they will cause their points to 
pake the punctures in the paper, at opposite sides of the circle; 
which being afterwards connected, the line will pass through 
the given angular point, if the instrument was first correctly 
set. In this manner, at one setting of the instrument, any pro- 
posed number of angles may be laid off from the same point. 



PLANNING EXTENSIVE SURVEYS, IMPROVED 
FORM OF THE FIELD BOOK, &c. 

GENERAL DIRECTIONS FOR PLANNING EXTENSIVE SURVEYS* 

Provide a sheet of paper, mounted on canvass of the proper 
size to contain the survey. This may be easily ascertained 
from the lengths of the longest lines in the survey, and the 
scale to which it is intended to be laid down. Draw the first 
line with the proper bearing, which may be determined by the 
compass of the theodolite, making proper allowance for the vari- 
ation, as already noticed in the description of surveying instru- 
iDcnts, IF the survey has been made by the chain only^ the bear- 
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ing may be found bjr a common pocket compass, or bjr tying a line 
to the first or base line in the direction of the sun at 12 o'clock. 

If the first or base line be a very long one, a straight-edge 
should be provided of equal length, for repeatedly splicing the 
line, as it is termed, with a short straight-edge will almost in- 
variably throw it out of the right direction, and if the first line 
be longer than any straight-edge that can be procured, (the 
author has had lines in maps of his surveys nearly 20 feet in 
length), in this case, stretch a strong silken thread in the pro- 
per direction of the line, and carefully puncture the drawing 
paper in several places, in the exact direction of the thread, the 
line may then be correctly drawn, with a short straight-edge, 
from one point or puncture to another. 

The first line being laid down, by one or other of these 
methods, the stations, crossings, &c., marked thereon, take 
separately, (in the beam-compasses if the extent of survey re- 
quire them), the second and third lines, or any other two con- 
venient lines that form a triangle with the line already laid 
down, and, from the proper stations as centres, describe arcs 
intersecting each other ; thus giving the position of the first 
triangle, which must now be proved by drawing one or more 
of the secondary lines from their proper stations therein. In 
the same manner proceed with the other triangles, formed on 
the first and other lines, till all the lines are laid down. 

If the surveys have been made with the help of an angular 
instrument, as the theodolite, &c., the angles must be laid off 
at their proper stations, proving the work as it proceeds. 

It may here be proper to obser^^, that in extensive surveys, 
the lines measured each day must be laid down, and proved at 
night, that any error that may have occurred may be cor- 
rected before the work has proceeded too far ; otherwise the 
correction will involve greater trouble. — The lines of the survey 
being thus laid down, all the fences, roads, footpaths, rivers, 
brooks, ponds, bridges, towns, villages, and detached buildings 
of every kind, as well as every remakable object, must next be 
laid down in pencil, and the fences and outlines of buildings, 
roads, rivers, &c., drawn with Indian ink ; thus finishing what 
is called the rough plan. 

MR. Rodham's improved form of the field book. 

As an example for practice, a plan with the form of the 
field book, as given by the late Mr. Kodham, of Richmond, 
Yorkshire, is presented in the plate facing page 82. This 
form of the field book was first publ\%\\^^\5^\i^.^\iXXRrcv^^^Ck^'^^ 
50 years ago, was then generaWy ^^o^\^^> ^xANvaa^XkoX^^^^ 
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been materially improved ; the fences and other objects in tbo 
survey being sketched therein, on the right and left of the 
chain line." The author has here departed from the original 
form by numbering the lines, as being more convenient for re- 
ference in large surveys than the method of numbering the 
stations or marking them with the letters of the alphabet, as 
recommended by Mr. Kodham. 

In the plan referred to, the first line, No. 1, commences at a 
station in the turnpike road, near N. W. wing wall of the 
bridge crossing the river Ouse, and is ranged in a north- 
westerly direction, and so as just to avoid the wood, No. 1; the 
numbers of this and the other lines being placed in small circles 
on the lines, to prevent their being mistaken for the numbers 
of the fields and other enclosures, the same numbers being also 
placed on the left of the station lines in the field book. Sta- 
tions are left in line 1 at 250, 1260,^1890, 2335, 2875, 3720, 
and 4700 links for secondary lines on the right and left of it : 
this line, having crossed seven fences as shewn in the field 
book, terminates, in the northern boundary fence of the estate 
at 4726 links : it will also be seen that the direction of the 
straight fence on the south of the orchard and homestead, 
No. 11 is taken, on the left of this line, at 1424 links. The 
stations referred to, which are afterwards used in the survey, 
are put down on the right of the station line in the field book, 
opposite their respective distances ; although they might with 
equal propriety be put immediately above their respective dis- 
tances in the station line. Some surveyors prefer this latter 
method, as the stations dc^not thus interfere with the space 
allotted to the ofisets on the right of the line : the student is, 
therefore, at liberty to adopt which method he chooses. 

Line 2 commences outside the north-western angle of the 
estate, crosses the boundary at 24, runs through the station at 
4700 in line 1, and terminates at the eastern fence of the turn- 
pike road, stations being left therein at 2360 and 3184, and 
offsets taken therefrom to the northern boundary fence of the 
estate, which fence is sketched in the field book. 

Line 3 begins from at 3184 in line 2, turning to the right 
thereof. This beginning of line 3 is thus marked in the field 
book: — "from at 3184 p," the symbol p denoting that line 3 
turns to the right of line 2, the symbol -| being used when the 
line tum» to the left. This line runs near the turnpike road, for 
a considerable distance, the two fences of which are taken there- 
from by double offsets, as shewn in the field book ; and, after 
cnxsswg the occupation-Toad between fields 8 and 9, meets the 
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O at 1260 in line 1, the direction of the straight fence between 
fields 4 and 8 being taken by a short tie line, as shewn in 
Prob. IX., Chap. III. The length of this line is 3074 links, 
and with lines 1 and 2 constitutes a triangle, which may be 
laid down in the usual way: thus, 

Line 4 starts from at 250 in line 1 p, and closes on at 
f 2097 in line 3, taking the turnpike road by double offsets. 

Line 5 starts from at 1420 in line 3 p and meets at 
2360 in line 2, taking the western fence of field 3 by offsets. 

Line 6 and 7 complete the survey or filling up, as it is 
usually called, on the north-eastern side of line 1. It is here 
proper to observe that the four last lines must all fit, or very 
nearly so, between their proper stations, when laid down on 
the plan; otherwise some error or errors have been made, either 
in the measurements, or in the entries in the field book, or in 
laying down the lines, which must be corrected before the 
work proceeds any further. 

The next main line 8, starts from the beginning of line 2 p, 
of which proper notes are made in the field book, and ends on 
the north bank of the river Ouse, near the south-west corner 
of the estate, taking the western boundary thereof by means of 
offsets throughout its whole length, as shewn by the field book. 

Line 9 starts from at 4713 in line 8 -| , and meets at 
459 beyond at 250 in line 1, the distance between these 
stations being measured on finishing line 9, as it was not 
foreseen that a was required for this line, when line 1 was 
measured, the entry being made as shewn in the field book. 

The remainder of the field book is here put down without 
sketching the fences, &c., which the student can readily do 
himself for practice from the plan. 
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After a rough plan has been completed, the contents of all 
the fields, &c., must next be found, by the methods already 
given in Chaps. II, and III. The scale to which the plan 
referred to is drawn, is 10 chains to one inch ; it being drawn 
to this scale to accommodate it to the size of a page of this 
work, but for the purpose of finding the contents with accuracy, 
the scale to which the rough plan is drawn, should not be less 
than three or four chains to one inch, otherwise the several 
parts of the plan cannot be measured with accuracy. The fine 
plan may next be made to any required scale that may be 
thought most convenient. Fine plans are of various scales, 
from 5 to 20 chains to an inch, according to the size of the 
estate, parish, or manor, or to the desire of the proprietor or 
proprietors. The fine plan is reduced from the rough one by 
the pantagraph, or by any of the other methods already given, 
and is accompanied by a book of reference, containing the 
names and contents of the several fields and other enclosures, 
the names of the occupiers, and whatever other particulars, 
concerning the estate, parish, or manor, that may be required. 
If the estate be a small one, the reference may be put on one 
side of the plan. The name of the estate, &c., is usually in- 
scribed with large ornamental letters in a vacant corner of the 
plan, with the scale to which the plan is drawn. 

From what has been already explained with reference to the 
method of laying down plans, keeping the field book, &c., the 
student will now have no difficulty in conducting such extensive 
surveys of parishes, estates, manors, as are referred to at the 
end of Chap. III., whatever be their varieties of shape ; since 
all surveys made with the chain only, are continued systems 
of triangulation, or the prolongations of all or some of the sides 
of the fandamental triangles being made the bases of the fur- 
t£er extensions^ as may be seen at pages 60, 6\, \^\ke!c^ \^^ 
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lines for the surveys of the parishes of Woolbedding and Lods- 
worth are given. 

Before quitting this subject, it will be proper to remark, that 
when two, three, or four surveyors are employed in the survey 
of a large estate, parish, or manor, it is advisable to divide it 
into four parts by two large base or main lines crossing one 
another, at any convenient angle, as near the centre of the 
work as can be judged by roughly examining it. The main 
lines must next be tied, as near their extremities as convenient, 
by four other main lines; which, when laid down, will consti- 
tute a proof of the basis of the survey, and will form four large 
triangleis, each surveyor surveying one of these large triangles 
or spaces cut off by the two first lines. The work, in this case, 
will be as well connected as if it had been done by one sur- 
veyor. The system of fundamental lines in such a survey will 
nearly resemble that proposed by the Tithe Commissioners for 
their surveys for first class maps of parishes, for the purpose of 
the commutation of tithes. This system of lines has been al- 
ready referred to at p. 59, Chap. Ill, 



CHAPTER V. 

EXTENSIVE SURVEYS OF VARIOUS KINDS, EITHER WITH OR 

WITHOUT THE THEODOLITE. 

Previous to undertaking any extensive projects in engineering, 
as railways, canals, harbours, the improvement of the naviga- 
tion of rivers, &c., the district or country through which the 
railway, canal, &c., is proposed to be formed, must first be 
surveyed, and an accurate map made thereof, to exhibit the 
surface required to be occupied by it, and show how far and in 
what manner the different properties passed over, or near it, 
may be damaged, if not wholly required by the undertaking, by 
its cuttings, embankments, &c., if a railway, canal, or harbour; 
also, by the severance of estates, removal of buildings, diversion 
of roads, brooks, and watercourses, by the drainage of wells, 
ponds and watering places, or by filling them up, 

"When the intended engineering project is laid down on a 
map of this kind, and, if a railway or canal, the vertical section 
thereof accompanyitig it (see Plate III. at the end of the book), 
the damage done by it may be readily determined, and the 
diversion of road, watercourses, &c., contrived in the most con- 
venient manner ; in order that the several parties affected ma^ 
bo satisfied. 
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RAILWAY SURVEYS. 

The survey given at the end of Chapter III, viz., that of the 
Parish of Lodsworth, is adapted to railway surveying, on ac- 
count of its long and narrow form ; and by tieing other base 
lines to AB, in that survey, it may be continued to any extent 
required. But previous to making surveys of this kind, the 
line of \he proposed railway, as far as it can be determined by 
trial levels, (see Levelling, Part II., Chap. I.) must be roughly 
delineated, on such a map of the part of the country or dis- 
trict through which it is proposed to pass, as can be procured ; 
(if the railway be in England or Ireland, Ordnance maps arc 
the best for the purpose) with which the superintendent of the 
survey must be provided that he may know what part or parts 
of the country is required to be surveyed for the intended 
project, and in what direction the main lines ought to be taken, 
which direction must be as near the proposed line of railway 
as the obstructions arising from woods, rivers, &c., will admit. 
Surveys, containing all the required details for this purpose, 
may be obtained from the first class parish maps, made under 
the direction of the Tithe Commissioners. These maps may be 
generally considered as specimens of accuracy, with the ex- 
ception of a few that were surreptitiously manufactured by 
disingenuous surveyors; (see pape 61) but as it was optional 
to the parish authorities whether they would have first or 
second class maps, they more commonly choose the latter, on 
account of the expense being less. The great mass of those 
second class maps, being partly made or compiled from old 
and incorrect maps, and partly surveyed by unskilful surveyors, 
are little better than mere sketches of the parishes of which 
they are put forth as the maps ; so much is this the case, that 
in making surveys for railways, the author, in running a line 
of little more than a mile in length, has found them to deviate 
upwards of ten chains from their true position, while fields 
shewn by the reference to contain about equal contents, were, 
as shewn by the map, one more than double another in size. 
These maps are, therefore, utterly worthless for the work in 
question, for which nothing less than the most accurate surveys 
are requisite. 

When, therefore, a new survey, is required to be made, range 
whe first base line, fixing station flags therein at the most con- 
venient points, also other station flags, to the right and left of 
the main line, in the direction of fences, roads, rivers, &c., 
except where there are natural marks that wiU answer tho 
same purpose as tho /lags. The measurement o£ Ite b^e line, 
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and the filling lap of the survey on the rjgbt and left may then 
proceed, in the same manner, as already shewn in the narrow 
part of the Lodaworth survey just referred to. When the first 
base or main line begins to leave the direction of the proposed 
line of railway, a second main line must then be set out, from 
a statioa 10 or 15 chains short of the extremity of the first 
main line, that the two main lines may thus be effectually tied 
to each other; after whicli the survey may be continued along 
any number of main lines. Sometimes obstructions prevent 
the effectual tieing together of Ihe main lines, in this case the 
theodolite must be used, as shall be shew: 
■width of the survey should he 
from 5 to 20 or 30 chains ; 
the greater widths being where 
it has not yet been settled where 
the line of railway shall pass, 
or where there are curves 
therein, or some other en- 
gineering difficulty. 

The annexed figurfl repre- 
sents a survey of this kind; 
in which the thick, curved line 
E W, is the projected railway; 
AB the first base line, which 
at B begins to leave the direc- 
tion of the line of the railway. 
At O in the first main line 
another main line C D is set 
out, crossing and rectosfting 
the railway. The line C D is 
connected with AB by the tie 
line BE. In the same manner 
the next main line may be 
connected with C D, and the 
survey conducted thus to any 
extent or in any direction. 
The filling up of the chief 
parts of the survey is shewn 
by the dotted lines on both 
sides of the main lines. 




i AND OTHER SDItVETS BT THE THEODOLITE. 

The use of the theodolite is either preferable, or absolutely 
necessary, both in engineering and other surveys i the ahiat 
cases of which are the following ■. — 
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J • In the surveys of woods, lakes, harbours, &c., by ranging 
a system of lines round them, and connecting them by taking 
the angles at their several points of junction. 

2. In the surveys of winding roads, rivers, &c., especially 
where they are obstructed by woodlands, buildings, &c., on 
both sides, by taking the angles, as in the first case. 

3. In the surveys of the streets, of parts or the whole of 
cities, and large towns. 

4. In determining the positions and distances of several sta- 
tions, in an extensive engineering or other survey, by taking 
angles to them from two or more stations, the distances of 
which are known. 

5. In railway surveys, &c., by connecting the main line with 
angles, as in the first and second cases, by determining the in- 
accessible parts that may occur, as in the fourth case ; in 
ranging a long line over high summits. This case frequently 
embracing all the four preceding ones. 

Problem I. 

TO SURVEY WOODS, LAKES, HARBOURS, &C.. BY THE THEODOLITE. 

1. Required the plan and area of .the wood represented in 
the following figure, the field notes, adapted to the theodolite, 
being given. 




Fix station flags round the wood, so that the lines com- 
passing it may be as near it as possible, for the convenience of 
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taking the offsets ; the stations at the same time being made 
oil proper ground for fixing the theodolite. Let ABODE 
be the stations, and the field book as below. 
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THE METHOD OF TAKING THE ANGLES, 

It will be seen, from the field notes, that the line AB is first 
measured, as a base for the plan. The first angle ABC is then 
taken, which is found to be 81° 29', and shews the direction of 
the second line B C. In taking this angle, the theodolite is 
fixed directly over B; the two zeros of the horizontal plates 
being then clamped together, the object glass of the telescope 
is directed to the flag or other mark at © A, and the whole 
instrument clamped ; the upper plate is now undamped, and 
the telescope directed to the flag at C, when the angle ABO 
is found to be 81° 29', as shewn in the field notes. In a similar 
manner, the angles at stations C and D are respectively found 
to be 111° 39' and 46° 51', the three lines B C, C D, D E each 
bending respectively to the left of the line preceding it. The 
angle at E is found to be 241° 38', which being greater 
than 180°, that is, greater than the semicircle p q, shews that 
the line E A turns to the right. Finally, the angle at A is 
found to be 58° 23', shewing that the line A B turns to the left 
of E A. Thus the magnitude of the an^l^ %\\^^^^ \*\iR.\3ckKt ^i&Rk 
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new line inclines to the right or the left of the old one, the new 
line turning to the left of the old one, when the angle is less than 
180°, and to the right when greater y the zero of the instrument 
being always directed to the commencement of the old line: 
therefore, the bearing of all the lines, except the first, may be 
omitted in the field notes ; the remainder of which, being simi- 
lar to those already given, need no further explanation. 

PLANNING AND PROVING THE WORK. 

Draw the base line A B in the given direction, indefinitely, 
and lay off the given length 2302 links thereon. Place the 
centre of the protractor at © B, with its straight side close 
against AB, and prick off 81° 29' from its end towards A; 
then, through B and the protractor-mark, draw BC, making 
it the given length 2678. Lay down similarly the two follow- 
ing lines with their angles C and D. The angle at E is 
241° 38', therefore E A must turn to the right, and the angle 
to be laid off at E is 360° — 241° 38' = 118° 22'; or, if a cir- 
cular protractor be used, the whole angle may be laid off at 
once, and E A being drawn, must reach to A, where the 
survey began, or so very near to it that the error may be con- 
sidered immaterial ; but if it do not reach to A, by a con- 
siderable distance, there has been an error either in taking the 
angles or measuring the lines. But since the sum of all the 
interior angles of a polygon is equal to twice as many right 
angles as the figure has sides, lessened by four right angles^ and 
since the given figure has five sides, the sum of all its five 
interior angles will be = 5x2 — 4 = 6 right angles = 90° 
X 6 = 540°. This will be found to result by ad<Hng all the 
angles of the figure, as below. 

Angle at B = 81° 29' 

C = 111 39 

D = 46 51 

E = 241 38 

A — 58 23 



Proof, as respects the angles 540° 0^ 

The above result shews that the angles have been accurately 
taken; if, therefore, the work do not close, that is, if E A does 
not reach to A, the error is in the measuring of some of the 
lines, or in making a wrong entry in the field notes, which may 
now be readily detected, if required. 

When the work is planned the content will be found to be 
B7a. Br. 4p. 
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It will be seen that the above survey might have been ef- 
fected by the method given in Prob. VIIL, Chap. III.; but it 
is here assumed that the lines compassiog the wood cannot be 
prolonged for the purpose of measuring tie lines, on account of 
obstructions, as is often the case. 

LalieSy MereSy and large Ponds are surveyed and planned in 
the same manner as the wood just given. 

2. The following figure represents a gulf or inlet of the sea, 
the survey of which is required to adapt it for the purposes of 
a harbour for ships. 

The coast, here shewn, is the boundary of high water ; the 
survey begins at © A, station-flags being fixed at B, C, D, E, 
F, and G, and angles taken at 
A to F and G. The line B A, 
being first prolonged back- 
wards to high water mark 
is then measured to B, and 
the angle ABC taken. Simi- 
larly all the succeeding lines 
are measured, and the angles 
taken; also at F and G the 
angles are taken to A, and 
the line FG prolonged to high 
water mark, all the offsets be- 
ing taken as the work proceeds. The figure may now be laid 
down, precisely as in the last example, the magnitude of the 
angles shewing the directions of the lines, and the lines A F, 
A G, which could not be measured on account of the great 
width of the entrance of the harbour, proving the work by 
means of the angles, taken at A, and F, and G« 

Problem IL 

the surveys of roads and rivers. 

1. The following figure represents a river, the survey and 
plan of which is required, for the purpose of improving its 
navigation, making locks, &c. 
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Station flags being set up, nt or near the principal windings 
of the river, as at A, B, C, D, E, the line A B is measured, 
and the offsets taken to the nearest shore of the river, its 
widths, if very great, being determined by Prob. IV., Chap. III.; 
or by throwing a leaden ball across the river, with a slender 
cord attached thereto at one end, and holding the other end in 
the hand, and then drawing it back, and measuring the length 
of cord, required to reach the opposite shore. This last method 
is impracticable where the width of the river is very great, A 
flag is left at P in A B, where the sight, in the general 
direction of the river, is unobstructed for a considerable dis- 
tance. The measuring of AB being now finished, the angle at 
B is taken, which, being less than 180^, shews that B C turns 
to the left. On measuring to C the angle there is found to be 
greater than 180°, shewing that CD turns to the right; and thus 
the work proceeds to E, where an angle is taken to the now- 
distant flag at P. This last angle will prove the accuracy of 
the work when laid down. 

If the width of the river be very great and unequal, a similar 
system of lines must be used on the opposite shore; otherwise^ 
a correct map cannot be obtained, the two systems of lines 
being connected by finding occasional widths of the river, as 
already stated; thus the line B C may be prolonged acro&B the 
river to connect another system of lines, if required. 

2. If a road be represented by the winding figure, in the 
last example, it may be surveyed precisely in the same manner, 
excepting that it would be more convenient to have the system 
of lines A B C D E upon the road, instead of the side of it, that 
the offsets may be readily taken to the right and left of the 
several lines, recollecting to leave a flag, or some other promin- 
ent object, in or near the first line, as at © P, in the last figure, 
to which an angle may be taken, after the survey has proceeded 
a considerable distance, to prove the work. 

The method of planning either a river or road will be sufli- 
ciently clear, from the first example in Prob. I. 

The map of a river or road being thus obtained, if the area 
be required it may be readily found by the methods previously 
given, or, by taking widths at the end of every chain, estimated 
along the middle of the river or road, and taking a mean of the 
widths, which, multiplied by the length, will give the area suf- 
ficiently correct for most cases. 
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Problem III. 

THE 8DEVET OF A PAET OR THE IVHOLE OP A ClTr OB 
LA BOB TOWN 

Case I Commence tlie survey at the meeting ot three or 
mora of the principal atreeta. through which the longest pros- 
pects can be obtained, for the purpose of laying out the msin 
lines Having then selected a proper station, Gx the theodolite 
thereon, making aline in one of the piincipal streets a base line, 
and directing it to some prominent or well defined point as to a 
projectmg coiner of a hou~e, or to a lamp, or railiug-post, or to 
the right or left side of a conspicuous door or window, which 
point must be described in the note book, that it may be re< 
membered Angles must first be taken between the base line 
and the other lines, divergmi; from the first station, defining 
carefully the directions of these Imc^, as in the case of the base 
lin^ Thi3 done measuie these lines with the chain, taking 
oSsets to all corners of street', bendings, or windings, and to 
all remarkable ohjects, as churches halls, colleges, eminent 
buildings, &c , also, defining the extent of buildings belonging 
to each separate owner, or joint owners, especially if such 
buildings are i equired to be taken down for engineering pur- 
poses, or for 3rnpiovi.ment3 at the same time recollecting to 



^ f 



rr 



^ - r 

leave stations opposite the ends of the streets to the right and 
left, and to take tlie anglus of tim directions. This operation 
must be repeated on the other main lines, till the survey ia 
oompleted. 
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Thus, having fixed the theodolite at A, take the angles of 
lines meeting there, referring them to the base line A B, that 
the magnitude of the angle may shew their direction : then 
measure A B, taking offsets to the buildings of diflferent pro- 
prietors, as to the buildings marked a, by c, &c., on which the 
dimensions of their several parts, yards, &c., must be put in 
the note book, that they may be accurately mapped, preparatory 
to their valuation, if required to be taken down for engineering 
purposes, or for parish rating ; stations being left at m and n, 
for the lines in the streets on the right, and the angles of their 
directions taken ; strong iron pins, driven into the crevices of 
the pavement, being the usual station marks in large towns. 
The measurement thus proceeds to B, where the angles of 
the streets diverging from it are now taken. The line B C 
is next measured in like manner, and the angles taken at Q C; 
after which the measurement proceeds to n, in the base 
AB; thus constituting the triangle wB C, a station being left 
at D in C w. From © D the survey proceeds to © E, and 
from thence to © A, where the work commenced, a station 
having been left in the line D E at o for the line to © m. In 
this manner the survey may be continued to any required 
extent. 

This survey, so far as it has been here shewn may be plotted 
independent of the angles taken with the theodolite, by first 
laying down the triangle w B C, and then determining the 
position of © E by intersection from stations A and D, when 
the line m o will prove the work. But it rarely happens, in 
the practice of town surveying, that a fundamental triangle can 
be obtained, sufficiently large to lay down the work in this 
manner ; it is merely here shewn that such a case is possible ; 
for had the street, in which the line C « is measured, been so 
bent as not to admit a right line along it, the use of the 
theodolite would have been indispensable in this survey. As- 
suming, therefore, that C 7^ is not a right line, but bent at 
D ; then, in the five-sided figure ABODE, the accuracy of 
the measurement of the angles may be proved, by taking the 
sum of all the interior angles as in Ex. 1, Prob. I.; and the 
work further proved, by the closing of the lines at © A, as well 
as at the several other stations. 

The form of the field (or rather town) notes in this case, is 

the same as those already given in the field book, Plate p. 82, 

excepting that the entries must be made at a sufficient distance 

apart, that sketches of buildings, yards, gardens, &c., may be 

clearly made, with the measures of tlieit Ee\ets\ ^^tV& ^\A ou 
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tficm in links, and the angles must be noted in the same man- 
ner as in the example of the wood, Prob. I. 

Case IL If a very large town be required to be surveyed, 
the best method is to measure a base line of considerable length, 
on elevated and open ground, on the outside of the town and at 
two stations at its extremities take horizontal angles to the 
towers of churches and other lofty buildings in the town, and 
the intersections of the lines of sight, from these angles will 
determine the positions of the towers, &c.; which may then 
be made stations for the survey of the several streets, which 
may now be conducted in the manner shown in Case I. More- 
over a third station must be taken in the line thus measured, 
at which angles must be taken to all the towers, &c., which 
angles, being laid down, their lines of sight will pass through the 
intersections of the lines of sight taken from the other two sta- 
tions, if the work be correct, otherwise an error has been made 
in taking some of the angles, which must be corrected, before 
the survey of the streets, &c., be commenced. 

The several distances of the towers and other lofty buildings 
may be calculated by Trigonometry (see TrigoTwmetryy Weaya 
Series), and the several lines, or triangulation, connecting the 
said towers, &c., may thence be laid down, without plotting the 
exterior base line and the lines of sight, taken from it. This 
last method of proceeding is shown in the following Problem, 
and is adopted by the Ordnance authorities. 

Case III. If the town be long and narrow, with straight 
openings across, either through straight streets, or partly 
through streets and gardens, a triangulation may be formed oh 
the open ground outside the town and the main lines may be 
connected by other lines passing through these openings, in 
which stations may be obtained for the survey of the other 
streets. Such a survey would resemble the parish-surveys, al- 
ready described. 

This method was partly adopted by the author in the survey 
of Dover for Rowland Rees, Esq., Architect and Surveyor for 
that borough, the theodolite being only used in those parts where 
this method was impracticable. 

Problem IV. 
TO determine the positions op several distant points, 

objects, or stations, Br TAKING ANGLES AT TWO STATIONS 
AT THE ENDS OF A GIVEN LINE. 

Let A, B, C, D, E, F be six 8tat\oi«, \\\a ^^^vC^siis^ ^\^^r^^ 
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are to be founcL Measure a line M N on level ground, and 
such that all the stations may be seen from M and N, and at 

each of the stations M 
C and N, take angles 
with the theodolite to 
all the stations ; its zero, 
in taking the angles at 
each station, being di* 
rected to the opposite 
end of the given line, 
•that the magnitude of 
the rangle may deter- 
mine: the direction of 
each line of sight to the 
distant^ stations. The 
line M.N. being then 
laid down, and the an- 
gles taken, at its ex- 
tremities, the intersections of the lines of sight MA, MB, &c., 
and of NA, NB, &c, wUl determine the positions of the several 
distant points A, B, &c., from whence their distances may be 
found, and made base lines for the further extension of the sur- 
vey, if required. 

The accuracy of the work may be proved by taking a o, at 
any point in M N, and taking from thencQ angles to all the 
distant stations ; which angles, being laid down, their lines of 
sight will pass through the intersections A, B, &c., if the work 
has been correctly done. 

When all the distant stations or objects cannot be seen from 
two given stations, then three stations may be tdj^^en, or as 
many as are necessary ; connecting the stations thus used, by 
measuring their distances, and proving their positions by other 
lines, or by angles : the zero of the theodolite in taking the 
angles to the distant stations being always directed to the last 
given station. Moreover, the angles to all remarkable objects 
that can be seen from two given stations may be taken at the 
same time ; thus may their positions also be determined by the 
intersection of two or more lines of sight. In this manner 
very exteiisive surveys may be effected, occasionally checking 
the accuracy of the work by measuring the distances of some 
of the distant stations, where it can bA the most conveniently 
done. The distances from A to B, from B to C, &c., may be 
calculated by Trigonometry, as in the preceding Problem. 
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Id the figure, BW is a portion of a projected railway, and AB, 
B C the main lines 
to flurvey that por- 
tion of the diBtrict 
occupied by or af- 
fect«l by the rail- 
way. The first main 
line AB runs along 
a road, till it is ob- 
structed by a large 
wood on ike right, 
a brook being close 
to its left, and, since 
the direction of the 
railway changes 
near the point of 
obstruction to the 
left, a new main 
line B C is taken. 
Here the use of the 
theodolite is indis- 
pensable to take the 
angle of the two 
main lines AB, BC 
at B, as it is im- 
possible, on account 
of the obstructiotiia 
iu question, to ob- 
tain tie lines to con- 
nect the main lines, 
excepting with great 
trouble. The parts 
of the survey ad- 
joining the wood 
nnd the brook may 
be filled up in the 
nBual way, while 
angles must be 
taken from two or 
more stations, to 
determine the poai" 
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tions of churches, and other remarkable objects on the right 
and left of the railway, by intersection ; it being unnecessary, 
at the same time, to measure their distances, especially if those 
distances from the railway be considerable, their positions being 
only required to shew more clearly the locality of the proposed 
railway to those interested therein. Also, at the same time, 
the angles of fences, or other parts of the actual survey that 
may be in the same direction of the churches, &c., may be con- 
veniently taken, which will thus save the trouble of measuring 
tie lines. As the railway again leaves the direction of the main 
line B C at C, a third main line will be required (this line is 
not shewn in the figure); which may be either tied to B C, or 
its angle of inclination thereto be taken with the theodolite, ac- 
cording to convenience. The filling up of the part of the sur- 
vey to the right and left of the part of B C, towards C may be 
readily effected by the help of the prismatic compass, or box 
sextant, on account of the fences being straight, and the fields 
large ; the angles which these straight fences make with B C, 
being taken, and the lengths of the fences measured to the 
meetings of other straight fences. 



CHAPTER VI. 
Section I. 

THE VAEIOUS METHODS OF LAYING OUT ANY GIVEN QUANTITY 
OF LAND IN ANY FBOFOSED BEGULAE OE lEEEGULAE FOEM; 
OF SEPAEATING ANY EEQUIEED QUANTITY OF LAND FEOM AN 
ENCLOSUEE OE COMMON ; AND OF DIVIDING LAND OF VARIA- 
BLE VALUE AMONG SEVEEAL CLAIMANTS, IN PEOPOBTION TO 
THEIB BE3PECTIVE CLAIMS. 

PRELIMINARY PROBLEMS- 

Problem I. 

To lay oui a ffwen quantity of land in the form of a square. 

Rule. — Reduce the given quantity to square links, by the 
table of square measure page 15 j and the square root of the 
result 18 a aide of the i^uired square, in links. 
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EXAMPLES. 

!• Laj out 2a. Ir. 5^p. in the form of a square. 

2a. = 200,000 square links. 
Jr. = 25,000 
6ip. = 3,437 

Slinks nearly, = a 
side of the square 
ABDC. 

87)684 
509 




948)7537 
' 7584 



2. Required the side of a square, that shall contain 3a. 

3r. 28p. Ans. 626^ links. 

Note. A given quantity of land is sometimes reqoired to be laid out in the 
fonn of a square for pleasure grounds, &c. 

Problem II. 

To lay out any proposed quantity of land in the form of a 
rectangle^ the length ^ which is given. 

Rule. — Divide the square links in the quantity of land by 
the given length, and the quotient will be the breadth of the 
required rectangle. — ^If the dimensions are required in feet, the 
given area must be reduced to square feet. 

examples. 

1. Lay out 4a. Or. \2p. in a rectangular form, the length of 
which shuU be 812 links. 

4a. Or. \2p, = 407,500 square links, and 

812)407500(501-8 links = AC, the 
4060 required breadth of 

■ the rectangle ABDC. 

1500 
812 




6880 
6496 

384 



2. The breadth of a rectangular piece of ground 140 feet 
required its length, when its area ib 2 ac;t^^. 
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1 acre = 43560 square feet 

2 



14-0 -? 
(7 



8712*0 square feet in 2 acres. 



4356 



622f feet, tlie length required. 
3. The length of a rectangular pleasure ground is proposed 
to be 1000 feet, required its breadth so that it contain 12^ 
acres. Ans. 544^ feet. 

Note. Besides the extensive nse of this Problem in the division of comm(nis» 
&c., it is also used to determine the length of frontage of a given quanti^ of 
bniiding gronnd, when its depth or breadth is given; or, to determine the 
depth, when the length of frontage 1* given. 

Problem III. 

To lay out a given quantity of land tn the form of a red* 
angle^ the length of which shall have a given proportion to its 
breadth: that ts, the length shall be to the breadth as 3 to 1 or 
€is 4 to 3, or as 5 to 2y Sfc, 

Rule.* — Divide the given area by the product of the two 
terms of the proportion, and the square root of the quotient, 
multiplied separately by the terms of the proportion, will give 
the required length and breadth. 

EXAMPLES. 

1. Lay out 3 acres of land in the form of a rectangle^ the 
length of which shall be to its breadth as 3 to 2. 
3x2 = 6)300000 square links in 3 acres 

50000(223-6 
4 



42)100 

84 links. 

223-6 X 3 = 670-8 length. 

443)1600 223-6 x 2 r= 447-2 breadth. 

1329 



4466)27100 
26796 



..304 

* Let m X and n a; be the length and breadth o? a rectangle, which are 
in the ratio of i »; ft, and a its area; then mx X fltSC = mna? := a, or at^sa 

o a 

— , orar=^ Q. £. L 
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2. Lay out 6^ acres in a rectangular form, the ratio of whose 
length and breadth shall be as 5 : 2. 

5x2= 10)625000 links. 

250 X 5 = 1250 = length. 

v^ 62500 = 250. 250 x 2 = 500 = breadth. 

3. It is required to lay out a rectangular fish pond, the length 
of which shall be four times its breadth, and its area 10 acres. 

Ans. Length 2000 and breadth 500 links. 

Note. Proportions of this kind aro frequently required in laying out oma* 
mental grounds, ponds, &c., in rectangular forma. 

Pbobleh IV. 

To lay out a triangle^ of a given area qnd a given base, one 
of the sides of which shall have a given position. 

Rule 1. — Divide twice the area by the base for the perpen- 
dicular, which erect at any point in the base, and at the ex- 
tremity of the perpendicular and at right angles to it, range a 
line till it meet the side given in position, which point of meet- 
ing is the vertex of the triangle required. 

EXAMPLES. 

1. It is required to lay out a triangle ABC to contain 
2a. 2r. 16/?. on a base A B of 1200 links, the position of A H^ 
of which the side A C is a part, being given. 

By Rule 1. X ^ 

2a. 2r. I6p. = 260000 links C/ "^^.^ o 

2 . " " 



1200)520000 / 

433^1inks=CD A x> d i 

On any point d of the given base AB = 1200 links, erect the 
perpendicular dc = 433 J links; range cC perpendicular to do 
till it meet AH in C; then, B C being joined, A B C is the 
triangle required. For let CD be drawn perpendicular to AB, 
then, by the nature of the construction, CD = cd. Q. E. I. 

Rule 2. — Measure HB perpendicular to AH, the line given 
in position, to the end B of the given base, and divide twice the 
given area by H B, and the quotient is A C, which, being mea- 
sured off, will give the point C. 

2. Solve the last example by Rule 2, the perpendicular B B 
being 860 links. 

260000 X 2 . _ . a^v ^. k n 

o'oi) 
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3. Required the perpendicular of a triangle, containing 26a. 
2r. 28p., its given base being 3112 links. 

Ans. 1730^ links, nearly. 

Note. This Problem is extensively used in the division of landa, commoDii 
&c., as shall be hereafter shewn. 

Pboblem v. 

To lay out a trapezium of given area^ the positions and 
lengths of two of its adjoining sides being given, and also the 
position of its third side. 

Rule. — Join the ends of the two adjacent sides, thus forming 
a triangle, the area of which must be found, which area must 
be subtracted from the given area, and the remaining area 
must be laid out in the form of a triangle, on the line joining 
the two given sides, as base, by Prob. IV. 

EXAMPLE. 

Let the given area of the trapezium A B D C be 6 acres^ 
A B, A C the sides that are given in length and position, and 

CH the position of 
the third side. Join 
BC; measure the per- 
pendicular CP, which 
is found = 840 links, 
and C B = 880 links, 
AB being = 1200 
links; whence the area 
of the triangle ABC 
=600 X 840=504000 
square links ; and 
600000 — 504000 = 
96000 = area of the triangle BCD; therefore 96000 X 2 -i- 
880 = 218^ links = perpendicular DQ; which, it will be seen, 
is applied as in Prob. IV.; thus constituting the required trape- 
zium ABDC. CD may also be found as by Rule 2, Prob. IV. 
Note. This Problem is also mnch used in the division of lands, commons, &c. 

Problem VL 

To lag out a rhomboid of given area, the lengtlis of its sides 
being given. 

Rule. — Divide the area by the longer side, subtract the 
square of the quotient from the square of the shorter side, and 
the square root of the remainder is the dist»ince of the perpen- 
dicular from the end of the larger side, which perpendicular, 
being made equal to the quotient first found, gives the breadth 
of the rhomboid. 
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EXAICPLES. 

1. The area of a rhom- D 

bold is required to be 6 
acres, and its longer and 
shorter sides to be re- 
spectively 1200 and 625 
links, required the place 
and length of its perpen- . 
dicular. 



£ 




1200) 600000 

500 = perpr. = D E 

6252 = 390625 
5002 = 250000 

V -140625 = 375 links = AE. 
2. Lay out the figure when its sides are each 4 chains, that 
is, when it is a rhombus, its given area being la. Ir. 24p. 
Ans. 350 links = perpendicular, and its distance 193-6 links. 

Problem VIL 
To lay out a proposed quantUy of land in a regular polygon, 

BuLE. — ^Divide the area of the proposed polygon, by its cor- 
responding area in the following table, and the square root of 
the result will be the length of its sides. Multiply the side just 
found by the corresponding radius, in the column marked radii, 
and the result will be the radius of the circle that circumscribes 
the required polygon. 

A table of regular polygons, with their names, areas, andradh 
of their circumscrUnng circles, the sides of the polygons being 
unity. 



No. 
sides. 


Names. 


Areas. 


Badii 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Triangle 

Square 

Pentagon 

Hexagon 

Heptagon 

Octaffon 


0-433 
1- 

1-72 
2-598 
3-634 
4-828 
6-182 
7-694 
9-365 
10-196 


0-577 

0-707 

0-851 

1- 

1-152 

1-306 

1-462 

1-619 

1-775 

1-932 


Nonagon 

Decasron 


Undecagon 

Duodecagon 



NonrE. If the square of the side of a polygoii'Vi^ m\j\\.v^'^\s^ ^^3^ «srtM8^pc&!- 
hg area in the preceding table, the pToduct VVSVXi^ \\i^ «k^"b» ^^ S5aa^^?^^ss^ 
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EXAKPLES. 

1. Lay out an acre of land in a regular heptagon. 

Here ^ '^^^^ = 165-88 links = AB. 
3*634 

Also 165-88 X 1-152 = 191-09 links = AO. 

Construction of the heptagon on the ground, — ^Provide a 
strong cord, equal in length to the radius of the circumscribiDg 
circle of the heptagon, which in this case is 191*09 links, or 
very nearly 191^^ links; fix one of its ends at o, as a centre, 

and tie the other end to a pointed 
arrow; stretch the cord to A, find 
with the radius O A describe the 
dotted circle, keeping the arrow 
vertical, and making a visible cir- 
cular mark with it. Then take 
the distance A B = 165*88 links 
on the cord, which being applied 
seven times within the circle, will 
just reach round the circumfer- 
ence, thus forming the heptagon 
required. 

2. Lay out 4 acres of land in a hexagon. 

Ans. 392*38 links = radius of circumscribing circle and side 
of the hexagon, for both are equal in this figure. 

Problem VIII. 

To lag out a given quantity of land in a circular form. 

Rule. — ^Divide the given area by '7854, and half the square 
root of the quotient will be the radius of the circle. 

EXAMPLES. 

1. Lay out 4 acres of land so that its boundary may be a 

circle. 

_-. 1 , 400000 «e/» « 1. 1 A .^ 

Here-s >/ ^,,, = 356*8 links = A O. 
2 -7854 

With the radius A O, the circle may be 
described on the ground, as in the last 
Problem. 

2. Required the radius of a circle containing half an acre 
of land. Ans. 126J- links. 

Note. The niles given in the two preceding Problems are the inverse of the 
ntes fiur finding the areas of the same figures in works on mensuration; and 
tiidbr iawmt^ialtixma are given in varioua works on aaaiV>ftlca^ U\v;oiiQm«\x^. 
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Problem IX. 

To lay out a given quantity of land in the form of an ellipse. 

Rule I. — When one of the diameters is given. Divide the 
given area successively by '7854 and the given diameter, and 
the quotient will he the other diameter. 

Rule II.— ^F^e» the two diameters are required to he in a 
given proportion or ratio. Divide the given area successively 
by '7854 and the product of the terms of the ratio, and the 
square root of the quotient, multiplied separately by the terms 
of the ratio will give the two diameters. 

EXAMPLES. 

1. Lay out 4 acres in an elliptical form, with a trasverse 
diameter T R of 9 chains. 

By Rule I. , 400000 _ /links = C O, the 

•7854x900 "" (conjugate diameter. 

Construction of an ellipse. — ^Lay off from the centre C of the 
ellipse, on the transverse TR, the distances CF, Cf each equal 
to the square root of the differ- 
ence of the squares of the two 
semi -diameters ; take a strong 
flexible cord, equal to T R, and 
^x its ends at F, /; extend the 
cord to I, so that it may take 
the position FI^ and keeping 
the cord continually stretched, 
with an arrow trace the ellip- 
tical curve TICRO, which 
will be the required boundary. 

In this case C F = C/ = ^450^ — 2832 = 350 links. 

2. Lay out an ellipse to contain 2a, Or. 32p., the proportion 
of the diameters of which shall be as 7 to 4. 

By Rule IL , 220000 ,^^,. , , ,^^ ^ ^^^ 

'^J—f^ — ?;^¥l = 100 links; and lOOx 7 = 7CC 
4 X 7 X '7854 

links, the transverse diameter, and 100 X 4 = 400 links, the 
conjugate. 

Note 1. The investigation of the rules used in this Problem, are given in 
various works on Conic Sections. 

Note 2. The three last Problems are chiefly of use in laying out ornamental 
grounds, as the inner area of squares in c\ti«a »M \a^ti<s %\i\\ik>\^xv%:&^^vKN3te- 
tions in parks, &c 
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Problem X. 
To divide any proposed quantUt/ of land from a triangle, hj 
a line parallel to one of its sides. 

Rule. — Since the areas of triangles are as the squares of 
their like or homologous sides, we shall have 

Area a A B C : area ^ abc :: AC^ : a C^. 

See Theor. VIIL, Chap. T. 

EXAMPLES. 

1. Let the base AB = 
2600 links, A C = 2000, 
and B C = 1600, cut off 
6a, Ir. 24p. by the line ab 
parallel to A B. 




A B C is found 

and 6a, Ir. 24p. 

the difference 



From the three sides 
the area of the triangle 
1587450 square links, 
640000 square links, 
947450 = area of a abC. 



Then per Rule, 1587450 : 947450 :: 2000^ : 2387352; and 

n/ 2387352 = 1545 links = aC; whence 2000 — 1545 = 455 
links = Aa. Again by similar triangles 2000 : 1600 :: 455 : 
364 links = B 5. Therefore, measure on the ground the dis- 
tances A a, B 5, just found, respectively from the points A and 
B; and range the line a h, which will divide the given quantity 
A'^ba from the triangular field AB C, as required. 

Note. In this maimer a triangle may be divided into any number of equal or 
unequal parts, by lines parallel to any one of its sides, hy successively sub- 
tracting the sums of 2, 3, 4, &c., areas from the area of the triangle, and making 
the remainders successively the second terms of the proportion. 

2. The sides of a triangular field are 900, 750 and 600 links; 
it is required to cut Oa, 3r. 28j9. therefrom, by a straight fence 
parallel to its least side. 

Ans, The distance from the ends of the least side, on the 
largest and intermediate sides, are respectively 211^ and 176 
links. 

Problem XI. 

To lay off any given quantity of land from an irregular 
field or common. 

Rule. — ^First j5nd the area of the crooked or irregular part 
by means of offsets, which area must be deducted from the given 
area, after which the remaining area must be laid out by means 
ofBroblems IL, IV» and V. 



LAYING OUT AND DIVIDING LAND. 

^ 

Cass L — ^When one side of the a ( 

field is crooked and two straight 
and parallel. 

EXAMPLE. 

Let aAcBb be a portion of 
a field or common, the side A c B 
being crooked and Aa, B5 pa- 
rallel the length of A B is 2400 
links, and the area of the offset 
piece A c B is found to be 227600 
square links; it is required to cut 
off 12 acres from the field by a line 
parallel to A B. < 

12 acres = 1200000 sq. Iink3 
offeet piece = 227500 ditto 
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f 



( 2)9725 00 

24-00 ^ 

( 12)4862-5 



I 



D 



'105-2=^AC=BD 
Therefore, measure the distances 
A C = B D = 405| links on the 
ground, and range the straight 
line C D, then shall the space 
AcB D C contain 12 acres. 

Case XL — ^When all the sides of the field or common are 
crooked. 

EXAMPLE. 

Let aABCBd 

be a portion of a 
field or common, the 
boundary of which 
is crooked, it is re- 
quired to part there- 
from 6 acres, by a 
straight fence run- 
ning from D towards 
A. 

Measure the four 
lines AB,BC, CD, 
DA, taking the off- 
sets on the three 
firijf, and finding the 
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area of the trapezium A 6 C D in the usual way, which united 
areas are found to be 570000 square links, the line A D beiif 
810 links. 

Hence 6 acres s^ 600000 square links 
Area A B C D and offsets = 570000 ditto 



(9)3000-0 

81-0 J 

( 9)333-3 



87-037 
2 

74-074 links = perpend. Pr. 

Therefore, apply the perpendicular P r = 74*074 links as in 
Prob. lY., and range the straight line A P ; then shall the 6 
acres be parted from the field or common as required. 

Problem XIL 

To divide from afield or common, bounded hy straight fences^ 
any given quantitg of land, by a line parallel to one of the 
straight fences. 

EuLE. — Measure the length of the straight fence or lin3 to 
which the division line is required to be parallel ; divide the 
given quantity by that length, and set the quotient perpendi- 
cular to the given straight fence, at two points near the ends 
thereof, ranging a line through the extremities of the two per- 
pendiculars, and measuring the length thereof; find the area 
of the trapezoid thus obtained, and take the difference between 
this area and the given area, which difference, being divided by 
the last measured line, will give the breadth to be set out per- 
pendicularly from the last measured line, either inwardly or 
outwardly, accordingly as the difference is in excess or defect 
of the given quantity. 

EXAMPLE 

Let a A B 5 be a portion of a field or common with straight 
fences, it is required to lay out lOa. 2r. 16j». by a line parallel 
to A B, the length of which is 2200 links. 

(2)1060000 = lOa. 2r. 16;). 

2200^ 

( 11)5300 



482 nearly '^^ 'pq'=.Th^ 
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Ill 



Now the perpendiculars p qy r s 
being set off, and the line m n mea- 
sured, is found to be 2025 links; whence 



482 
(2200 + 2025) X -5- = 1018225 sq. links, and 

<0 

(1060000— 1018225) -r 2025 = 20-6 links, the 

distance to be set perpendicularly, at 
both ends of m n, to the right thereof, 
because the area cut off by «» n is less 
than the given quanity, and the 
straight line C D ranged through the 
extremities of these perpendiculars will 
be parallel to A B, and will cut off the 
required quantity. 

Note 1. The three last Problems are much 
used in the indosnre of commons, and other waste 
lands, and more especially Problem XII. as the 
*ayiDg out inclosnres with parallel fences con- 
trlbntea very much to the economy of cultivation, 
by thus allowing the ridges to run from the ends 
of each inclosure, parallel to the two parallel 
fences. 



B 



i> 



«C 




mD 



NoTB 2. Those who are accustomed to operations in analytical trigonometry, 
will find the following formul® much more expeditious for laying out land by 
means of parallel fences, as in Prob. XII., especially where a great number of 
fiuccessiye inclosures are required to be laid out : — Let A B = a, o- = sine 1-A 
8 = sine LB, S = sine (0- + a), and A ss area ABCD, which is required to 
be cut oflf J then, 

BC=-i (ao— V - (aSfio- — 2AS)), 

and AD=-Ba 
<r 

Whence both B C and A D become known without any prelimmary measure- 
ment, except that of the side A B and the angles A and B : and by adding the 
next area to be cut off to A, and calling the sum B, and then substituting B 
for A in the formulae for BC, the next following distances Bb and A a may 
be found ; and so on for any number of inclosures. — When A and B are supple • 
mental angles, the lines Ao, B&, will be parallel, which makes the Problem 
extremely simple ; and when the sum of the angles at A and B are greater than 
two right angles, S becomes negative, and the lines Ao, B&, will meet on the 
of.her side of A B. In this case the formulse will become 



BC = i (V ^ (a««(r + 2 AS) — a<r). 



and AD==~BC. 
<r 



Note 3. Investigation of the prectiinQ forwxXa^. k^ VX^a iorcscQ^sfc ^'!2b.\». 
Note 2, bare never been previously given b;f an^ s^XXiOt* V^» ^'^"^"o^ ^^-^'o.Na 
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giye their inyestigation hera — Let E be the point where A a^ B d, would mat, 

if prolonged ; (this point is not shewn in the figure), then AEs= •— -, B£s 

-^, area of the triangle A B E = , and the area of the triangle C D E = 

2^ S (T 

~ — A. Now because the triangles ABE, C D E, are similar. 



26 



area A ABE : area A CDE :: BE' : C£^ that is, 
^:^-A::**^:CE^ whence 



^-=>^i-:(i¥-4«^ 



BC = BE-CE=- V^:(^-A).ar 



BC=| {ac^^ -(a'sir — 2AS)). 

Also BE:BC::AE:AD = 4^BC=*Ba 

BE <r 

The other modification of the formulsB for B C, when the point £ falls on the 
other side of A B, is derived by making S negative. 



Section XL 

ON DIVIDING LANDS UB COMMONS, OF EITHER EQUAL OB VARIA- 
BLE VALUE, AMONG VARIOUS CLAIMANTS, IN PROPORTION TO 
THEIR SEVERAL CLAIMS. 

Where land is the property of joint purchasers, co-heirs, 
co-partners, &c. ; or where a common is to he divided among 
the adjoining proprietors in proportion to the values of their 
several estates ; it hecomes requisite to adopt the methods of 
division given in the following Problems, in conjunction with 
the Problems in the preceding Section. The present Section 
will, therefore, present cases of considerable complexity; but in 
order that these may be clearly understood, the simplest cases 
shall be first presented to the student. 

Problem I. 

To divide a rectangular piece of ground of equal value 
throughout^ either equally or unequally, among any given nuni" 
her qfclaimantSy hy fences parallel to one of its sides. 

Case L — If the parts to whicli the re(ilai\^w\^T e.^^^^ \% \ft 
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be divided be equal, it will be only required to divide two of 
the opposite sides of the rectangle into the given number of 
equal parts, and range the lines for the several fences to the 
consecutive points of division, and the land will then be divided 
as required. This appears to be too simple a case to require a 
diagram. 

Case II. — ^If the rectangular space is to be divided among 
several joint purchasers, who have paid unequal sums for the 
purchase thereof: then use the following 

Rule.-— As the sum of all the sums paid, is to the length of 
the side of the rectangle from which the division lines abut, so 
is anj one person's sum to the breadth on the side of the 
rectangle due to that person ; then divide both this side and 
the one opposite to it, by laying off the resulting breadths, and 
range lines to the corresponding points, and the rectangle will 
be divided by parallel lines, as required. 

NoTB. This is obviously a question of single fellowship. 

EXAMPLE. 

Divide the rectangle 
A B C D, the length 
of which is 1470 links 
and its breadth 684 
links, among three 
loint-purchasers P, Q 
and K, who paid for 
the purchase thereof 
respectively £ 1 20, 
£150, £220. 

120£ 

150 

220 
— links i 



D 










A 



B 



490 



1470 



120 
150 
220 



links 

360 = A a = P's breadth 

450 = ai = Q's ditto 

660 = 6 D = R's ditto 



Whole breadth 1470 which proves the work. 

Note. In thi^ operation the breadth of the rectangle, which is common to 
all the three divisions, is not required to be used. 

Problem II. 

To divide a triangle of equal value throughout, either equalli/ 
or unequally y among several claimants^ who shall all have the 
use of the same watering 'places situated at one of the angles of 
ihe triangular field. 
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EXAMPLE. 

It is required to divide the tri- 
angular field ABC among three 
persons, whose claims therein are as 
the numhers 2, 3 and 5, so that they 
may all have the use of a watering- 
* ^ place situate at the angle C; AB 

being = 1000, A C = 685, and C B 610 links. 
The rule in this Problem is the same as in the last. 




As 2 + 3 + 5 = 10 : 1000 



2 : 200 = Aa^ 

3 : 300 = « *, 
5 : 500=:3B; 



which are the portions of the base A B, belonging to the re- 
spective claimants ; therefore, if lines be drawn from a and b 
to C, the triangular field will be divided in the required pro- 
portion, each claimant having the use of the watering-place 
at C. 

Note. In solving this Problem it ia not necessary to nse the lengths of the 
ddes AC» CB, because all the three triangles ACo, aCh, 5GB have a com- 
xnou perpendicolar; and, therefore, their areas are as their bases. 

Problem III. 
To divide a triangular field of equal value throughout^ either 
equally or unequally^ among sundry claimants^ by finces run^ 
fling from any given point in one of its sides. 

The method of solving this Problem will be best shewn by 
the following 

EXAMPLE. 

Divide the triangular field ABC, the sides of which measure 
30 chains = AB, 23 = B C, and 19 = AC, equally among 
three persons, by fences running from an occupation road that 
meets the side A B at H, which is 14 chains from A, that all 
the three persons may have the use of the road at H. 

Divide AB into three 

equal parts in the points 

D, E; from H, (the 

FX \ \.G point where the road 

meets AB) draw HC; 
parallel to which draw 
DF, EG meeting AC, 
B C respectively, in P 
and 6; and join HP 
and HG, in which di- 
rections fences being 
made, will divide the triangle as required. 
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NoTK. This method of solution is founded on the areas of triangles between 
the same parallels being equal : but it may be solved hy actual measurement on 
the ground, by means of the following preliminary colcnlation. 



ANOTHER METHOD. 



As AH 

that is, 1400 

and HB 

that is, 1600 



AC 

1900 

BC 

2300 



AF, 

13571 links = AF; 
B C 

1437i links = B G, 



; AD = iAB 

: 1000 

EB = JAB 
: 1000 

whence the distances A F and B G may be measured from A 
and B ; and from the points F and G the fences of division 
may then be drawn to H. 

Note. When the claims of the several persons are unequal, it will be readily 
seen that A B is then only required to be divided in the proportion of the several 
claims, as in the preceding Problem, afier which the solution will be the same, 
as that just given. 

Problem IV. 

To divide an irregular Jield vnth any number of sides among 

sundrg claimants, so that they may all have the use of a pond^ 

situated at a given point loithin the field. 

Note. The method of solving this Problem will be best seen from the method 
adopted in the following Example, in conjunction with the preceding Problems. 

EXAMPLE. 

Three persons Q, R, and S, bou^rht a five sided field 
ABODE, having a pond therein at F; for which they paid 
respectively £100, £150, 
and £200; it is required 
to divide the field into 
parts, in proportion to 
each person's claim, and 
8o that each may have 
the use of the pond P, 
the quality of the land 
being equal throughout. 
The lengths of the sides 
and the perpendiculars 
on each of them to the 
centre of the pond P are 
as below, thus constitut- 
ing five triangles. 



dD 




AB = 864 


Pii = 560 


B C = 827 


P3 = 608 


CD = 806 


Pc =480 


D E = 682 


Pc/ = 544 


EA=:990 


Pc =540 
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By multiplying eaah side by half the perpendicular thereon, 
the sum of the five products will be the area of the field ; thus, 

864 X 280 = 241920 = area of APB, 

827 X 304 = 251408 == BPC, 

806 X 240 = 193440 = CPD, 

682 X 272 = 185504 = DPE, 

990 X 270 = 267300 = EPA. 



e5 



sum = 1 1*39572 = acres, the area of the field. 

The sums paid for the field by Q, B, and S, are as the num- 
bers 2f 3, and 4, the sum of which is 9 ; therefore, 

11-39572 :: 2 : 2-53238 = Q's share, 

: : 3 : 3-79857 = R's do. 

: : 4 : 5-06476 = S's do. 

Let DP be assumed the divisional fence between Q and S's 
shares; then the area of the triangle D P E s=: 1-85504 acres is 
less than Q's share, therefore 

2-53238 = Q's share, 
1-85504 = area of DPE, 

•67734 = difference. 

This difference must be taken from the triangle E P A to 
complete Q's share; this is best done by dividing the said dif- 
ference by half the perpendicular Fe of the triangle EPA, and 
the quotient will be the distance E M : thus, 

i P c = 270) 67736 (250-85 links = E M. 

The distance EM, being nearly 251 links must now be 
measured from E on E A, which will give the point M, and, 
a straight fence being set out from M to P« will cut off* Q's 
share. 

The remainder of the triangle EPA, viz. 2-67300 — -67734 
= 1-99566 is less than R's share, therefore, 

3-79857 = R's share, 
199566 = area MP A, 

1-80291 = difference. 

This difference must be taken from the triangle A P B to 
complete R's share, as before : thus, 

^Pa = 280) 1-80291 (643-9 links = AN. 

This distance being measured from A towards B, will give 
the point N; and, the fence N P being now ae-t o\3l\, mil divide 
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;lio field as required ; the triangles NPB, BPC, CPD 
naking up the exact quantity required for S's share, as may bo 
readily shewn by adding their three areas together, which will 
prove the accuracy of the work : thus, 

864 = A B 

643-9 = A N 



difference 220-1 == N B 

280= iPa 



61628-0= area NPB 

251408 = PBC 

193440 = CPD 



sum 5-06476 = S's share, which proves the work. 

Note 1. If some or all of the fences of the field ABODE had been crooked, 
the operation of division \?oald have been the same, excepting that the qnan- 
titles of the offsets would have to be taken into the acconnt, thus making a little 
additional calculation. It will at once be seen that this method of division may 
be extended to anv number of claimants, whatever be the shape of the ground 
to be divided, the dotted lines from P to the angles of the field not requiring to 
be measured. 

Note 2. All the surveyors, who have written on the subject of this Problem, 
use what they call ** guess lines" to effect the division, and correct the resulting 
errors by dividing the double quantities in excess or defect by these ** guess 
lines" for the perpendiculars to determine the correct positions of the divisional 
fences. The student will at once perceive that this is a drcuitons, blundering, 
and unscientific method of proceeding, and should be avoided in every case, 
except where the boundary is very crooked, and the divisional fences are not 
required to be continuous straight lines. 

Note 3. In this Problem the division is effected and proved without the aid 
of a plan, but it would, perhaps, be better for the satisfaction of the claimants, 
as well as for the surveyor himself to plan the whole of the work; especially as 
an error in the work might thus be more readily detected. 

Problem V. 

To set out from afield or common oj variable value^ a quan^ 
Utij of land, that shall have a given value, by a straight fence in 
a given direction. 

Note. This Problem presents a great variety of cases, the most simple of 
which shall be first produced. 

Case I. — C A B D is a portion of a straight-sided field, right 
angled at A and B, and P Q a right line, also at right angles 
to AB, dividing the field into portions of different values; 
it is required to lay off a quantity of land a A B 6 of given 
value, by a straight fence a b parallel to A B. 

K.B. Lines^ Buch as P Q, are tecVime^W^ ^^^^ \s^'ibifi^?|XsBfiA, 
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Rule. — Multiply A P, PB, respectively, by the value of the 
adjoining land, take the sum of the products, divide the value 
of the whole portion to be laid off with five cyphers annexed 
by this sum, and the quotient will be the required breadth A a 
orB& 



EXAI^IPLB. 

Let AP = 500, PB = 700 
links ; the value of the land 
between A C and P Q £50, and 
that between P Q and B D £80 
per acre; it is required to lay 
out land to the value of £300, 
by a straight fence a b parallel 
to AB. 



Here 



500 X 50 
700 X 80 



25000 
56000 







D 



81000 = sum of products; and 



' 9)30000-000 = £300 with 5 cyphers annexed. 



81000-( 



9)3333-3' 

370*37 = 370| links nearly = A« =:.B ft. 



Note 1. If the << quality line" PQ be not x>erpendicalar to AB, it maj be 
made so by <* giving and taking;*' especially as the required breadth A a may 
be nearly known by a rough calculation ; besides, this liberty with the quality 
line is usually admitted, since the exact boundary of different qualities of lands 
cannot be accurately defined. 

Note 2. This Problem is of great importance, as land of variable quality is 
very frequently required to be laid out, in the enclosure of extensive commons, 
by straight fences in given directions for the purposes either of drainage or of 
irrigation. If any crooked portion of the land to be inclosed, lie to the left of 
A B, it must be measured, valued, and deducted from the whole value of the 
land to be laid out; then the Rule, here given, may be applied to the remain- 
ing value. 

Note 3. If the three parallel straight lines Ao, B&, PQ, are not at the same 
time perpendicular to A B, the Rule just given, will equally apply, excepting 
that the distance of a 6 from A B must be laid off perpendicularly to AB. 

Note 4. This rule for la3ang out land of variable quality has not» to my 
knowledge, been given by any previous author, the method of performing so 
simple an operation having been invariably by approximating to the true qnan* 

t'lty by means of "guess lines." InveatigcUUm of the Rtde. Put AP as a, 

PB=s ^, Aa = B^s=x, msss value of Uud a\>ov« 1^Ct» «k ^=i ^i^sx'i ^^ Uaxd 
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below it, V = whole yalae to be laid out, and / = square links In one acre: 
— J— s=s value of land adjoining AP and -7—= y^w adjoining PBj 



then 



therefore 



amx 



— '\' — T- = V; whence 



X 



IV 



aii»4* b^ 



, Q.E. I. 



This role may be obviously extended to any number of different qualities of 
land, bounded by parallel quality lines, by multiplying the breadth of each 
quality by its price, and taking the sum of all the products for a divisor. 

Case XL — ^When the divisional line is required to pass 
through a given point W, where an occupation road and wa- 
tering place is situated, which is to be used bj the owners of 
three or more shares of a common of variable value. 

The method of proceeding in this case will be best under* 
stood from the following 

EXAMPLE. 

Let D A B C E be a portion of a common of variable value, 
W a watering place, and dW a road, 
forming part of the divisional line : 
it is required to set out a quantity 
of land of a given value V by a 
straight fence W b; m being = 
value of land between PQand KS^, 
n = value between "RSs and T «, 
o = value between Tu and CE, 
and p = value between PQ and Ad, 
the quantity of which is given by 
boundaries already determined. 

First draw W F perpendicular to 
C E, and find the value of the land 
to the left of o W F, let this value 
s= V which in this case is assumed to be less than the given 
value V; therefore, the quantity of land required to the right 
of W F will be V — v, which put = V, and having adjusted 
the portions of the quality lines S *, U t« perpendicular to W F, 
as per Note 1, Case L, let W S = a, S U = &, U F = c, 
their sum, or the whole distance, W F = 5, and F 6 = a:, 
the symbols denoting the different values of the land being 
given in the example, and / = square links in an acres : then 




X =: 



2lsY 



a^m -}- {2a -f 0)bn -f (2a-V^b -^ c\co 



= F6; 
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which distance being measured, the straight fence "Wb ma? 
now be set out, and the other shares to the right of dW b may 
be next proceeded with, according to the method given in this 
or the following cases. 

THE ABOVE EXAMPLE l!^ NUMBERS. 

WS = a = 460, SU = & = 400, UF = c = 420 links; 
the values are m = £30, n = £40, and o = £60 per acre ; and 
the value V = £80 : required the distance F & or a? by the 
preceding formula. 

Here 8 = a + b+c = 460 + 400 + 420 = 1280 links, whence 

2 X 1280 X 100000 X 80 

460« X 30 + (920 + 400) X 400 X 40 + (920 + 800 + 420) X 420 X 60 
20480000000 o^^i v i -ciil 

= 76635-000 = 267i links = F J, 
which determines the position of the fence W b. 

Note. This method possesses the advantage of being practicable on the ground 
^vithout the help of either a map or guess-line ; however, in the case of the 
division of commons a map is always necessary for the satisfaction of the several 
parties interested therein. — The investigation of formula here given, is fonnded 
on similar triangles combined with the same principle as that in Case L If 
there be less than three different qualities of land to be laid out, the symbols 
referring to the additional qualities, must be made to vanish in the formula; 
and, if there be more than three qualities to be laid out the law for the exten- 
sion of the formula is obvious. 

Case III. — ^To set out from a field or common of sluj form, 
and of variable value, a quantity of land of given value by a 
straight fence in a given direction. 

example. 
Let C A B D be a portion of a common, of variable value, 

from which it is required to set 
out a quantity of land of a given 
value V, by a straight fence a b 
parallel to B N, the quality lines 
P (J, R S being so adjusted as 
to be perpendicular to B N at /> 
and r respectively, as per Note 
1, Case I., and the value of the 
land between A C, P Q being = 
m, between P Q, E S = ti, and 
between R S, B D = o. 

First find the value of the 
land in the triangle A N B, and if the fence A B had been 
crooked, the offsets would have to be included ; the value of 
the hnd to the left of B N being supposed to b^ leea than 
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is required to make up the given value V. Let the value of 
the land in the triangle A N B = i^, then the value of the land 
still remaining to be set out will be V — v, which put = V, 
let N^ = «, j9r=6, rli =s c, pq ss rs ^= Xy cot. of the 
angle C N B = 2 a, and cot. of the angle D B N = 2 fi, the 
symbols denoting the different values of the land being al- 
ready given in the example, and / = square links in an acre ; 
then 

2/V' 
X = -- ^^pq or r8\ 

ai}i-{-6fi-{-oo v(ai»4- hn-^'coy — 4(o»» + /3o)/V' 

which distance may be set out at any two points perpendicular 
to NB; and, if the land in question be a common, requiring 
the shares of several claimants to be set out, the quality lines 
may be again adjusted to the right of a 6, and the next share 
may then be set out as before. 

Note 1. The investigation of the general formula, jnst given, is the same in 
principle as those in the preceding cases, being only a little more complex, on 
account of the land to be set out not being rectangolar, and therefore involving 
the solution of a quadratic equation, thus giving an apparent complexitjr to the 
result which will doubtless startle the generality of surveyors, who are accus- 
tomed to use "gtiess lines^* when even the most trifling dlfficnlty occurs, thus 
making repeated approximations to obtain the position of the correct divisional 
ienoes, which may be obtained at once by these methods, with even less calcu- 
lation than by guess lines, without naming the repeated measurements accom- 
panying these bungling operations. It would, therefore, appear that neither 
the surveyors, nor the writers on this department of surveying, have had the 
least acquaintance with the Mathematics, otherwise the results hefe given, 
which are comparatively void of extreme complexity, would have been known 
long ago. 

NoTB 2. When one or both of the angles C N B, D B N are obtuse, their 
i cotangents a and $ will be one or both negative respectively; and when these 
angles are right ones, their cotangents vanish ; and the formula for the perpen- 
dicular breadth pqovrs becomes. 

am ••\» on -^ CO ' 

which is the same as the formula given in Case I., as it obviously ought to be. 

Case IV. — ^When the boundary of the land to be laid out is 
very irregular, also when part of the divisional fence is prede- 
termined, either for the purpose of drainage or irrigation, and 
when the quality lines run irregularly. 

EXAMPLE. 

Let C A B D be the boundary of a portion of common, from 
vrhich it is required to lay out a portion of land of variable 
value, part of the divisional fence of which it is desirable to 
have in the direction of a watercourse abed, and the remainder 
of the divisional fence to run from d to/, c. 
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Jota dfy and find tbe Take 
c^the lind indaded tbersby and 
the other boundaries la fpiei* 
tion» and, this raiue being found 
kss than the required valae, the 
remaining land still required 
may be determiaed by aaeuming 
two lines, so as to form a tri- 
angle on dfy as a base, till the 
correct position of the remaining 
part c/e/of the divisional fence 
shall be ascertained, it bdng 
advisable to let the angle r, in 
the required fence, fall on the 
quality line P Q, for the purpose of more readily calenlating 
the areas of the two triangles formed thereby, and from thence 
finding their values* 

Kora. It will heM be ffrapir to aotiM that B ur vey w t ¥^ fK% iwiafgniloBMa 
Id ase nUktlMiiuiticftl f^Mtnula, wiU nuire readily and aooaratdy make Am #iri» 
sions of oomniofiiy &Cn by means ef atnimed or gueas liBei» thaa by the JBtetaede 
I luive gtven ia the ^ree fi»t Oaaes of this Probtem* Their not Iwviag kad 
anV pnctice beyond anding tbe areas of triangles, &e^ gifes tbem Uule oeai* 
deoce in nore tdentifio methods^ wbich they therefore view aa ciiiB >er a % «r eS 
be«t ae methods i«ty di^mlt to be anderstood. It is to be beped tliat the 
very general diftiston of adeace at the present day wiU root out tlUa ifBeraat 
prejo^Uoe. 

Pboblsk VL 

Case L— -To divide a common of uniform value among any 
number of profrtetore^ in proportion to the vabtee of their re* 
spectfve eitiUee* 

In this case, the quantities and values per acre of each pro- 
prietor's estate must be determined, by survey if necessary, 
and the map» with the quantity of the common, must also be 
prepared; the value of the common, being uniform, is not 
required. 

TO FIND EACH PBOPBIETOB*S SHABE. 

Rule. — As the sum of the values of each person's estate : 
the whole quantity of common to be divided : : the value of 
each person's estate : to that person's share. 

BXAIIPLE. 

Divide a common of 100 acres among three persons, A, B, 
and C; A*s estate is 120 acres at £4 per acre, B'a is 180 aeres 
at £5 per acres and C'a 960 acres at £2 ^et acx^ 
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£ £ 

120 X 4 a 480 
180 X 5 = 900 
260 X 2 «= 520 

acres «. r. p 



1900 



100 :: 480 : 25 1 2*1 « A's sbare, 
900 : 47 118-9 = B's do. 
520 : 27 1 18*9 s Cs do. 



99 8 39*9 proof. 

The qaantitj of each person's share being now determined, 
the common maj be divided bj one or other of the methods 
idreadj giren. 

Cabb TL'-^To divide a eamnum rf variabb value among any 
number ofdlaxmanU^ in praporUon to the values of their retpec* 
tive estates. 

In this case, the map of the common with the quantity of 
everj different qiHdity of land thereon, most be preparad, as well 
as tibe quantities and qualities of the several parts of each 
claimant's estate, in order that the values of both the common 
and each person's estste may be properly ascertained; the 
quality lines on the common being marked out by the vainer 
gr valuers, previous to the survey being made. 

When the survev of the common is completed and mapped^ 
with the quality Imes laid down thereon, the several qualities 
must be number 1, 2, 8, &c., with the values of the land cor- 
responding to each number, as determined by the valuers, who 
are usually called ** Commissioners." Most surveyors use the 
letters of the alphabet to denote the different values of the land: 
thus a may represent five shillings, b six shillings, &C., per 
acre per annum. By using the letters in this manner a mul- 
tiplicity of figures, which may be confounded with other num- 
bers, is avoided. 

ROADS, QUASSIES, WATEBOrO PLAOBS, StG^ KEQC7IBBD TO BE SET 
OUT PBBVI0U8 TO KKCLOSINa OOMMXKia, WASTBt, &C. 

Before the lands of a common or waste can be divided and 
allotted, 'both public and occupation roads must be set out in 
the most convenient manner; they should be straight and, as far 
as practicable, at right angles to one another, as this arrange- 
ment not only facilitates the division of the land, but contributes 
gi'catly to the economy of cultivation with the ^Iqu!^\v, ^Jl^^ 
roads that may be deemed uunecea^^iT^ ia«^>o^ 'tXs^^^^^^^sssSw 
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allotted to the different claimants, or diverted into more con- 
venient directions, at the discretion of the Commissioners. 

Portions of the common are now to be set apart for quarries, 
sand or gravel pits, if such abound in the common. The 
ground, thus set out, is considered as the common property of 
the several claimants, for the purpose of building, making roads, 
&c. Also, if there are any good springs or ponds gn the com- 
mon, they must be left unenclosed, in like manner, for common 
use ; or the water must be conveyed from them by drains or 
channels to more convenient situations, previous to the enclo- 
sure of the common. 

The lord of the manor in some places claims y^jth of the com- 
mon, in some x^t^^ &c. His claim, whatever it be, must be 
next set out, after its value has been determined from the whole 
value of the common. The lord of the manor will also be fur- 
ther entitled to his share of common, in proportion to his pro- 
perty, in the same manner as the other proprietors. 

Lastly, when the roads, watering places, quarries, sand and 
gravel pits, and manorial rights have beem set out^ the re- 
mainder of the common must be divided equitably, as it respects 
quantity, quality, and situation, among the proprietors of lands, 
tenements, houses, cottages, &c., situated in the parish or town- 
ship where the inclosure is to be made. 

THE METHOD OP DIVIDING AND ALLOTTING THE BEMAINING 

PART OP THE COMMON. 

Having found the sum of the values of each proprietor's 
estate, and the whole value of the remaining part of the common 
to be divided, proceed to find the value of each proprietor's 
share by the following 

Rule. — As the sum of the value of each proprietor's estate, 
is to the whole value of the common remaining to be divided, 
so is the value of each proprietor's estate to his share of the 
value of the common. 

It will be quite unnecessary to give an example in this case, 
as the laying out of the shares of the several claimants^ after 
their respective values have been found by the above Rule, 
would only be a repetition of the methods already given, on a 
large scale ; and after the work of laying out the several inclo- 
sures on the ground has been completed, the last enclosure or 
share of the common must be of the same value as that assigned 
by the rule, or so very near to it that the error is of no im- 
portoDce; otherwise a mistake has been made which must be 
imaediateljr recti&ed* 
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For further information respecting the law for the inclosure 
of commons, waste lands, &c., the student may consult the 
following 

ACTS OF PARLIAMENTS. 

GENERAL ACT. 

"An Act for consolidating in one Act, certain provisions 
usually inserted in Acts of Inclosure ; and for facilitating the 
mode of proving the several facts, usually required on the 
passing of such Acts." (Act. 41 Geo. Ill, chap. 109. 1801.) 

Since the General Act, the following Acts have been passed, 
relating to inclosures. 

1. " An Act to amend the Law respecting the inclosing of 
open fields, pastures, moors, commons, and waste lands in Eng- 
land." (Act 1 & 2 Geo. IV. chap, 23; April 19th, 1821.) 

2. " An Act for facilitating the inclosure of open and arable 
fields in England and Wales." (Act 6 & 7 Will. IV. chap. 115 ; 
August 20th, 1836.) 

8. "An Act to extend the Powers and Provisions of the 
seyeral Acts relating to the enclosure of open and arable fields 
in England and Wales." (Act 3 & 4 Vict. chap. 81 ; July 
23rd, 1840.) 

4. ** An Act to facilitate the enclosure and improvement of 
commons and lands held in common, the exchange of lands, and 
the division of intermixed lands ; to provide remedies for de- 
fective or incomplete Executions, and for the non-execution of 
the Powers of general and local Inclosure Acts; and to provide 
for the revival of such Powers in certain cases." (Act 8 & 9 
Vict. chap. 118; August 8th, 1845.) 

5. " An Act to amend the Act to facilitate the inclosure and 
improvement of commons." (Act 9 & 10 Vict. chap. 70; August 
26th, 1846.) 

Note. All the above Acts may be procured through any bookseller in toivn 
or country* 
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PART IL 

LEVELLING. 
CHAPTER I. 

DEFINITION OP LEVELLING. 

Br the art of levelling the inequalities of the upper boundary 
of any section of the earth's surface may be shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line ; though, in reality, this line is a great circle of the earth, 
and is such as would be derived from a section of the surface 
of still water. 

LEVELLING INSTRUMENTS. 

(1.) Levelling instruments all depend on the action of gra- 
vity : of these the plumb-line, on which the mason's level de- 
pends, is the most simple; bat it cannot be used. in extensive 
operations, on account of its practical inconvenience. The 
fluid, or water level, in all its modifications, is also found in- 
convenient for extensive practice. 

(2.) Spirit levels are now commonly used, as the most ac- 
curate instruments for finding the differences of level, or ver- 
tical distances between two stations : of these there are three, 
which we shall proceed to describe, namely, the Y level, 
Troughton's, and Gravatt's levels. 
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Tbe foregouBg figure represents this instroment. A is an 
achromatie telescope, resting on two supporters, which in shape 
resemble the letter T; henoe the name oi the instrument The 
lower ends of these supporters are let perpendicularly into a 
strong brass bar, which carries a compass box C« This com- 
pass is oonvenient for taking bearings, and has a contrivance 
for throwing the needle off its centre, when not in use. One 
of the Y supporters is fitted into a socket, and can be raised or 
lowered by the screw B. 

Beneath the compass box, which is generally of one piece 
with tbe bar, is a conical axis passing through the upper of two 
parallel plates, and terminating in a ball supported by a socket. 
Immediately abore the upper parallel plate is a collar, which 
can be made to embrace the conical axis tightly by turning the 
clamping screw E ; and a slow horizontal motion can be given 
to the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws, 
which turn in sockets fixed tp the lower plate, while their heads 
press against the under side of the upper plate, and thus serve 
the purpose of setting the instrument truly level. 

Beneath the lower parallel plate is a female screw, adapted 
to the staff head, which is connected with brass joints to three 
mahogany legs, of exactly the same construction as those already 
described for supporting the theodolite. 

The spirit levd / / is fixed to the telescope by a joint at oile 
end, and a capstan-headed screw at the other, to raise or de- 
press it for adjustment. 

(3*) Previous to using this instrument the following adjust- 
ments must be attended to. 

1 . The AdjtistmenU of the telescope for parallax and coUima' . 
tion^ 

8. The a^mtmni ^fkt hubUe tube. 

Z. The at^usimemi of the axie of At teleeeope perpen^ieularlf^ 
to tke vertical axis, 

L Tke mfi^uatrnmiifor parattax and eoUimaUom have afawady 
bean teerSbedy (p. 76^) beiag the mbm m Aim rttgskni for 
the tlieoaonte. 

2. The adjustment of the bubble tube.^^MoYe tbe telescope 
tiU it lies in the direction of two of the parallel plate screws, 
and by giving motion to these screws bring the air-bubble to 
the centre of its run. Vow reverse the telescope carefully in 
the Ya, that is, change the places of its ends ; and should the 
bubUa not settle in the aame pomt ^1 \!tv& vd^^\^^^«^>^ 
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ehews tbnt the bubble tube ia out of adjuBtment, and reqairei 
correcting. The end to which the bubble retires mDSt then be 
noticed, and the bubble made to return one half the diBtanceby 
turning the parallel plate screws, and the other half by turning 
the capstan -headed screws at the end of the bubble tube. TIh 
telescope roust now again be reversed, and the operation re- 
peated, until the bubble settles at the same point of the tube, in 
the centre of its run, in both positions of the inatrument. The 
adjustment is tlien perfect, and the clips that confine the tele^ 
scope in the Ys should be made fast. 

3. The adjustment of the axis of the telescope peTpendiadarlff 
to the vertteal axis. — Place the telescope over two of the 
parallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over the same two screws, and, if the bubble does not again 
settle in the same point aa before, half the error must be cor- 
rected by turning the screw B, and the other half by turning 
the two parallel plate screws, over which the telescope is placed. 
Nest turn the telescope a quarter round, that it may be over 
the other two screws, and repeat the same process with these 
two screws; and when, af^er a few trials, the bubble maintains 
the same position in the centre of its run, while the telescope is 
turned round on the vertical axis, this axis will be truly ver- 
ifcal ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular lo the vertical axis, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

tkocghton's level. 




(4.) In this level the telescope T rests close down upon the 
horizontal bar b b, the spirit level / / is permanently fixed to the 
top of the telescope, and does not therefore admit of adjustment; 
and the compass box C is supported above the level by four 
sma]} piDara, attached to the horinontal bar. This constructioo 
makes the inatrument very firm and compact, to "jB-t^&A 



The diaphragm is AimiBhed with three threads, two of them 
rertical, between which the levelliDg stafi majr he seen, and the 
third, horizontal, gives the reading of the staff by its coin- 
ddence with one of the graduations marked upon it. Some- 
times a pearl micrometer scale is fixed on the diaphragm, 
instead of the wires. The central division on the scale, in this 
ease, indicates the oollimating point, and bj its coincidence 
with a division of the levelling staff gives the required reading 
on the staff; and the scale serves the purpose of measuring 
distances approximately, and of determining stations nearly 
equidistant from the instrument, since at snch equal distances 
the staff will subtend the same number of divisions on the mi- 
crometer scale. 

The line of coUimation is set perpendicular to the vertical 
axis, in the same manner as in the theodolite already described. 

This level is preferred hy many, on account of its adjust- 
ments not being likely, after they are once perfected, to become 
deranged. 

GRAVATt's level. 




(5.) This instrument is furnished with an ot^ect-glass of 
large aperture, and short focal length ; and, sufficient light 
being thus obtained to admit of a higher magnifying power in 
the eye-glass, the advantages of a milch larger instrument are 
secnied, without the inconvenience of its length: — it is hence 
called " the dumpy" The diaphragm is carried by the internal 
tpbe a a, which is nearly equal in length to the external tube. 
The external tube T T is sprung at its aperture, and gives a 
steady and even motion to the internal tube a a, which is thrust 
out, and drawn in, to adjust the focus to objects at different 
distances by means of the milled headed screw A, The spirit 
level is placed above the telescope, and attached to it by cap- 
stan-headed screws, one at each end, by means of which the 
babble can be brought to the centre oti\:at'aTi,«&\'(x'^%<cRaf^t^ 
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shews tbnt the bubble tube is out of adjustment, and reqairei 
correcting. The ead to which the bubble retires must then be 
noticed, and the bubble made to return one half the distuteeb]' 
turning the parallel plate screws, and the other half by tumiog 
the capstnn -headed screws at the end of the bubble tube. Tbt 
telescope must now again be reversed, and the operation re- 
peated, until the bubble settles at the same point of the tube,io 
the centre of its run, in both positions of the instrument. The 
adjustment is then perfect, and the clips that confine the tele^ 
scope in the Ys should be made fast. 

3. The adjuittnenl of the axis of the teletcope peTpentUetibtrly 
to the vertical axis. — Place the telescope over two of the 
parallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bubble of the level settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, so that the contrary ends of the telescope may 
be over tlie same two screws, and, if the bubble does not again 
settle in the same point as before, half the error must be cor- 
rected by turning the screw B, and the other half by turning 
the two parallel plate screws, over which the telescope is placed. 
Next turn the telescope a quarter round, that it may be over 
the other two screws, and repeat the same process with these 
two screws; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while the telescope is 
turned round on the vertical axis, this axis will be truly ver- 
tlbal ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical aas, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 




(4.) In this level the telescope T rests close down upon the 
borizontal bar b b, the spirit level II k permanently fixed to the 
top ofthe telescope, and does not therefore admit of adjustment; 
and the compass box C is supported above the level by four 
small pillars, attached to the horizontal bar. This construction 
makes the instrument veiy firm and compwA. Ixa ^loHsl 
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plates and iupporting parta are the same as those alreadj de- 
scribed for the theodolite. 

The diAphngm is tiimisbed with three threads, two of them 
vertical, between which the levelling staff may be seen, and the 
third, horizontal, givei the reading of the staff by its coia- 
cidence with one of the graduations marked upon it. Some- 
times a pearl micrometer scale is fixed on liie diaphragm, 
instead of the wires. The centra) division on the scale, in this 
case, indicates the collimating point, and by its coincidence 
with a division of the levelling staff gives the required reading 
on the staff; and the scale serves the purpose of measuring 
distances approximately, and of determining stations nearly 
equidistant from the instrument, since at such equal distances 
the staff will subtend the same number of divisions on the mi- 
crometer scale. 

The line of collimation is set perpendicular to the vertical 
axis, in the aame manner as in the theodolite already described. 

This level is preferred by many, on account of its af^ust- 
mentB not being likely, after they are once perfected, to become 
deranged. 

gbavatt's level. 




(5.) This instrument is furnished with an object-glass of 
large aperture, and short focal length; and, sufficient light 
being thus obttuned to admit of a higher magnifying power in 
the eye-glass, the advantages of a milch larger instrument are 
secured, without the inconvenience of its length: — it is hence 
called " the dumpy." The diaphragm is carried by the internal 
tube a a, which is nearly equal in length to the external tube. 
The external tube T T is sprung at its aperture, and gives a 
steady and even motion to the internal tube aa, which is thrust 
out, and drawn in, to adjust the focus to objects at different 
distances by means of the milled headed screw A. The spirit 
level is placed above the telescope, and attached to it by cap- 
stan-beaded screws, one at each end, by means of which the 
bubble can be brought to the centre ot ix.* T\ia, aawk '^•t ■aeas. 'i'^ 



^*^^ LEVELLING. 

distance BD to be 1 mile, then the correction for curvature 
DC = BD2 -T- 2 AB = 12 ^ 7958 = y^ of a mile = 7-962 
inches = nearly 8 inches. If the distance B E = 3 miles, then 
the correction EF = BE»-r2AB = yfy^ = 71-658 inches, 
or nearly 6 feet. 

Let any distance B D = </ in miles, and the correction for 
curvature for 1 mile be taken = 8 inches =s -f of a foot, which 
it is very nearly ; then 

correction sr — — feet, 

o 

folr any distance d in miles : 

and let —- =s ^, c being chains ; then 

2d^ 2 X 12 c2 c^ . , 

correction =s = tt = — incnes. 

3 3 X 80^ 800 ^"''"'^ 

for any distance c in chains. 

CORRECTION FOR REFRACTION. 

(8.) The effect of the earth's curvature is modified by another 
cause, arising from optical deception, namely, refraction ; the 
correction for which varies with the state of the atmosphere, but 
it may generally be taken at -J- of the correction for curvature, as 
an average ; and since refraction makes objects appear higher 
than they really are, the correction for it must be deducted from 
that for curvature. 

EXAMPLES. 

1. Required the correction for curvature and refraction, when 
the distance of the object is 2^ miles. 

- X (2*52) = = 4*166 cor. for curvature. 

•|- of which is '595 cor. for refraction. 

Difference 3*571 feet, cor. required. 

2. Kequired the correction, as in the last example, when the 
distance is 60 chains. 

60^ -r 800 = 4.5 cor. for curvature. 
•J- of which is '643 cor. for refraction. 

Difference ... 3*857 inches, cor. required. 

3. From a point in the Folkstone road, the top of the keep of 
Dover Castle was observed to coincide with the horizontal wire 
of a levelling telescope, when adjusted for observation, and 
therefore was apparently on the same level ; the distance of the 

instrument from the castle was 4^ miles, Tec\]a\te.^\\v^^QXT%RX\a\v 
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for cnrrature and refraction, that is, the true height of the keep 
of the castle above the point of observation. 

2 40*5 

- X (4'5)^ = -^ = 13*5 feet, cor. for curvature. 

^ of which s= 1-93 feet, cor. for refraction. 

Difference s= W57 feet, cor, required. 

See also the tables for these corrections at the end of the booh. 

PRINCIPLES AND PRACTICE OP LEVELLING. 

To find the differences of the levels of several points on the 
surface of the earth, 

(9.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction, already 
explained, are seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
the levels of which are to be observed, hence the resulting cor- 
rections for each station are equal, and therefore the difference 
of the levels at the two stations is as truly shewn by the dif- 
ference of the readings of the two staves fixed thereon, as if 
the corrections had been made. Thus the trouble of making 
these corrections is avoided by simply placing the instrument 
midway between the two staves, 

(10.) Let it be required to find the difference of level between 
the points A and G. — ^A levelling staff is erected at A, the in- 
strument is set up and adjusted at B, another staff is also erected 
at C, at the same distance from B that B is from A, as nearly 
as can be judged by the eye; the readings of the two staves are 




then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight. 
The instrument is then conveyed to D, and the staff that stood 
at A is now removed to E, the staff C retaining its former po- 
sition, only its graduated side turned to the instrument, and 
from being the fore staff at the last observation, it is now the 
back staff: the reading of the two staves are again noted^ and 
the instrument removed to F, axv^L t\i^ «kV^^ ^ \a ^'^^w:^»^^ 
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the staff at £ retaining its position, now in its tuna becomes 
the back staff, and so <m to the end of the woric, wUeh nay 
thus be continued to any extent. The difference of the readings 
of the staves at A and C will shew the difference of level 
between the points or stations A and C, because the visual line 
of the instrument is virtually level, and the same U true with 
respect to every two consecutive stations. 

EXAMPLE. 

Back sight on sUff A 10-66 feet. 

Fore sight on staff C 11-78 

The fall from A to C 1*12 difference. 

Because when the front reading is the greater the ground 
falls and vice versa. 

Back sight on staff C 13*36 

Fore sight on staff E 9*16 

The rise from C to E 4*20 differenceu 

Subtract the fall from A to C... 1*12 

The rise from A to £ •••••* 3*08 differeace. 

Because the rise from C to E is greater than the fall from A 
to G, their difSi^rence shews the total rise. 

Back sight on staff E 7*62 

Fore sight on staff G 8*16 

The fall from E to G 0*54 difference. 

This fall taken from the rise from A to E, that is, 

SOU 
0*54 

gives the total rise from A to G 2 '54, or nearly 2 

feet 6^ inches. 

The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level between 
A and G: thus, 

Back sights. Fore sights. 

feeL feet, 

10-66 at A 11-78 at C 

13-36 at C 9 16 at £ 

7-63 at £ 816 at Q 

flnms 31-64 29*10 

29-10 

S '54 d/fbrence of level, the same a:& \>etv>i«. 
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(II.) The following i» an example of le^elliiig performed at 
only <me operation, and will therefore require the eorrection for 
cnrrature and refraction. 




It is required to drain a pond by making a ent to a stream 
at By at a distance of 60 chains : let a level be set up and ad« 
justed at C, and then directed to a sta£^ held upright, at the 
edge of the water at B. The horizontal line C D represents 
the line of sight, cutting the staff at D, the reading being 15*84; 
the height of the instrument above the ground was 4*8 feet, 
and the depth of the pond 10 feet : what is the difference of 
level between the bottom of the pond and the surface of the 
stream ? 

ft. dec 

Reading of the staff 15*84 

Height of the instrument 4*80 

Depth of pond 10*00 

Correction for curvature and refraction 
for 60 chains — (see tables at the end 

of the book) 0*32 

15*12 

Difference of level 0*72 

which is little more than 8^ inches, and just a sufficient fall to 
make the water run freely from the bottom of the pond to the 
surface of the stream at JB ; it having been found in practice 
that a less amount of descent than from 8 to 12 inches per mile 
produces no efficient current for the purpose of drainage. 

TO DRAW A SECTIONAL LINE OF SETEBAL POINTS IN THE 
EABTH's SURFACE, THE LEVELS OF WSICH AAYS BEEN 
TAKEN (fig. p. 138). 

(12.) Let a, b^ c, d, e^f, and g be the severa points; then, in 
order to draw the section to shew the undulations of the ground 
between a and ff, the distances oi t\i^ Bie^ecciii \R!\si\3b ^s^fK\&^ 
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addition to their levels, must be taken; this is tisualiy done 
during the operation of levelling. These distances, with the 
back and fore sights, may be arranged in a level book of the 
following form, which, though not the form practically used, 
will probably be more clearly understood. 

LEVEL BOOK. 



Back 
Sights. 


Fore 
Sights. 


Fall. 


Rise. 


Redaced 
Levels. 


Distances in Chains, and Remarks. 


3-50 
4-10 
504 
3-84 
4-12 
10-49 
12-96 


5-65 
10-85 
9-25 
12-91 
7-65 
3-92 
3-03 


2-15 
6-75 
4-21 
9-07 
3-53 

the 


6-57 
9-93 

same 


2-15 
8-90 
13-11 
22-18 
25-71 
19-14 
9-21 


4-60 at b on road. 

7-80 at c. 
11-60 at cf. 
15*20 at e. 

bottom of canal, distance 2*16 
21-00 at/ 
27-00 at g. 


44-05 
diff. 


53-26 
44-05 


9-21 


as the last of the reduced levels. 



In this level book it will be seen that the differences 2*15 
and 6*75, in the column marked Fall, are added together, 
making 8*90, thus giving the fall at c, in the column marked 
Eeduced Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25*71 at the bottom of the canal, 
which is the lowest point. Then the diflferences in the column 
marked Rise, are subtracted successively from 25*71 for the 
falls at / and g ; the latter of which is 9*21, the total faU from 
a to g, which, agreeing with the difference of the sums of the 
back and fore sights, shews the truth of the castings. Th$ 
last column shews the distances of the several points by c, &c., 
from flr, in chains, with other remarks. 

DATUM LINE. 

(13.) The section might be plotted by laying off the distances 
in the last column in the preceding level book on a horizontal 
line, and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line; 
but it is found inconvenient in practice to plot a section in all 
cases after this method, as in extensive operations the reduced 
levels would repeatedly fall above and \)e\ovf iXift \Vu^ Vn ^^- 
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tion, and thus confuse the operation ; therefore a line AG called 
*^ the datum line" is assumed at 100, 200 feet, &c, below the 
first station a; thus making that line always below the sectional 
line afy of which a clearer view may be obtained. 

(14.) In the following practical level book the rise or fall is 
respectively added to or subtracted from the assumed distance 
of the datum line, and the next rise or fall, again added to or 
subtracted from the sum or difiference: — thus 2*15, being a fall, 
is subtracted from 100 (the assumed distance of the datum line) 
leaving 97*85 feet, the height of the ground at b : the next fall 
6*75 is then subtracted from 97*85, leaving 91*10 feet for the 
height at c; and so on to 3*53, which is the last fall: — ^the next 
6*579 being a rise, is added, as well as 9*93 ; — ^thus the last re- 
doced level is 90*79 feet, which taken from the datum 100 
leaves 9*21 feet, agreeing with the differences of the sums of the 
back and fore sights, axid of the sums of the rises and falls, and 
shewing the work of casting to be correct. Thus are obtained 
a series of vertical heights to be set off perpendicularly to the 
datum line, through the upper extremities of which the sectional 
line must be drawn. 

PRACTICAL LEVEL BOOK. 

(Datum line 100 feet below the bench mark at A.) 



Back 

Sights. 


Fore 
Sights. 


Piise. 


Fall. 


Reduced 
Levels. 


Distances 


Remarks. 


feet. 


feet. 


feet. 


feet. 


feet. 


chains. 




3*50 
4*10 


5-65 
10-85 




2*15 
6*75 


100-OOd 
97*85 
91*10 


4*60 

7*80 


JBMon road 
(to lime kilns. 


5*04 


9*25 




4*21 


86*89 


11*60 




3*84 


12*91 




9*07 


77*82 


15*20 


f Bottom of 


4*12 


7*65 




3*53 


74*29 




< canal,distant 


10*49 


3-92 


6*57 




80-86 


21*00 


( 2*80 chains. 


12*96 


3-03 


9*93 




90*79 
100*00 


27*00 


to B. M. at g. 


44*05 


53*26 


16*50 


25*71 




44*05 




16-50 


















1 i^i^ l\/k^nrAA«>t Ino^l 




9*21 diff. = 


9*21 


= 9-21 -? reduced level and 








(^ datum. 



In laying down the sectional line from the above columns of 
reduced levels and distances, the fotmet ^t^ ^^n^s;:^^ \5bSk^SN.^\53a2». 
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» much hrger scale than the latter, otbervriae the 

on the mrfaoe of the gronnd would, in moJij oaan, be buHj 

perceptible. 

Draw the horizontal line A 6, Betting off the diatanew AB. 
A Ci &&> u in the column of distances, that is, A B » 4.G0 
diaina, A C b 7-SO, kc.; then draw A a = 100 fe^ perpeo- 
dicular to A G and parallel to A a draw B &> C e, fltc^ aettii^ 



off their heightg 97-85, 9M0, &c., respectively from the column 
of reduced levels, and tbrongh the points a,b,c, &c., drair the 
required sectional line 017. 

KoTE. — The above operBlioQ!, though e:ttrcinetj simple, require ffreat eve, 
StlierwiM, la eztcaaire warki of thia kind, errors deep in imperceptlblj, to 
«heck which the agreemenc of the differeucea in the level-book ii enmtiaL 

BCRMIKa A CSS.CS. LEVEL. 

(15.) "Wa shall now give an example of a simple kind to lend 
the way to more complicated operaljons. When a eection 
of a line of country has been completed, it is in most coses 
necessary to check its accuracy by repetition; but in doing this 
it is seldom requisite to level over precisely the same line of 
ground, unless there is cause to suspect its general co^rectnes^ 
but to follow tiie most convenient and nearest route, and at 
intervals to level to some known points on the exact line of ' 
section, which will give their differences of level : the pointa 
thus Bdected are generally what are called bench marks, being 
notclies cut on gate posts, stomps of trees, mile or boundary 
stones, or any similarly immoveable objects, contiguous to the 
line of section, and at frequent intervals. These bench marks 
are made by the person who first takes the section, and are 
eomelimes previously determined upon. When the section is 
complete tbeir relative heights ■witli reft^ert. v> ifca fcwae or 
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4ttain line of the section becomefl known; hcnco they may bo 
oonsidered aa so many fixed points on the line, easily reoog- 
•isaUe» firom whence any portion of the work may be levelled 
over and orer again. 

From what has been said it is dear that in taking running 
or cheek levels^ the use of the chain and compass attached to 
the leTel is not wanted, the distances and bearings having all 
been previoQsly taken. 

An example of this kind of operation is represented in Plate 
1*9 where both the ground plan and section are shewn. The 
strong black line on the plan is that of the section to be 
checked, and extends from a bench mark at the town A, in a 
wiading direction, to another bench mark in a town B; this 
ocigiMUy formed a portion of a more extensive survey. The 
rovie tsiken in proving the work is shewn on the plan by a 
detted line, and was confined to the public roads, as being the 
Bwet convenient route, especially as it crossed the line several 
tiaM0f by which a number of intermediate points could be 
checked. Previous to giving the particulars of this example, 
the method of performing the operation of levelling shall be ex- 
plained more in detail than has yet been done. 

The staff-holder must first place his staff perpendicularly on 
the benoh mark from whence the levels are to commence; the 
surveyor must next set up his spirit level on the most con- 
venient ground that presents itself, and so that he may have an 
uninterrupted view of the line he intends to level ; the station 
chosen should not be more than four or five chains from the 
etafT-holder, where, having fixed the legs of the level firmly in 
the groond, the surveyor must adjust his level for observation 
in the followii^ order :«— '^ first he must draw out the eye-piece 
of the telescope till he can see the cross wires perfectly well de- 
fined; then^ directing it to the staff, he must turn the milled- 
headed eerow, on the side of the telescope, till he can likewise 
distinguish, with the utmost possible clearness, the smallest 
gradations on the staff: that these two adjustments be very 
carefully and completely performed, is of more consequence than 
la generally supposed, for on them depends the existence or 
non-existance of parallax.'' 

'* The adjustment of the eye-piece to obtain distinct vision, 
when onoe properly made, is not likely to require alteration for 
the whole day, unless it be accidentidly deranged; but that of 
obtaining distinct vision of the distant staff (together with the 
one we shall next describe) must be performed at every station 
as it varies with the distance of the &\af[« 
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** HaviDg made the aboTe adjastments perfect, tiring the 
spirit babble to the centre of its ran, which position it must 
retain in eveiy direction of the telescope ; or, in other w(Hrd8) 
the babble mast indicate a true level daring the time the tele- 
scope is tamed completely roand; this is accomplished by 
bringing the bubble saccessivelj over each pair of parallel-plate 
screws, and giving them motion bj screwing np one while no- 
screwing the other to a like extent; but if the telescope is sup- 
plied with a cross level, as in that of Gravatt's, the two babbles 
being at right angles to each other, they will at onoe shew 
which pair of screws require taming, in order to indicate the 
tme leveL 

'' The level being now adjusted for observation, it must be 
directed to the back staff, and with all possible exactness the 
foot and decimal fraction of a foot must be noted, with which 
the central part of the horizontal wire appears to be coincident, 
which enter in the proper column of the level book. This 
column should be headed ^ Back Sights ' as in the preceding ex- 
ample (Art. 14). As soon as it is registered, see that the 
bubble has not removed from its central position, and then re- 
peat the observation to ensure that no mistake has been made: 
this should be invariably done to guard against error.** 

The telescope of the level must now be turned round to the 
fore staff, the object glass and bubble being again adjusted, if 
required, in the manner already described, and the reading of 
the staff observed and entered in the level book in the column 
headed " Fore Sights/' verifying the observation as before by 
seeing that the bubble is still in its place, &c. It may be here 
proper to remark, that the surveyor's merely walking round the 
instrument, or accidentally striking one of its legs with his foot, 
will derange the level indicated by the bubble, especiaUy where 
the ground is newly tilled or soft and spongy : therefore, the 
legs of the instrument should always be fixed firmly in the 
ground. To do away with this inconvenience, as far as pos- 
sible, Gravatt's level (Art. 6.) has a reflector fixed on the top 
of the telescope, by which the observer can see both the staff 
and the reflected image of the bubble at the same time, and 
thus can make his observation at the instant he sees the bubble 
in its proper position. The foregoing description of the method 
of taking levels is general, and applies equally to every kind of 
levelling operations, we shall hereafter add such additional par- 
ticulars as will require attending to, when taking levels for the 
formation, of a section. The two first observations being com- 
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pleted, the surveyor must remove the instrument to the next 
station and set it up a second time, the person who held the back 
staff, removing it as far beyond the instrument as the instru- 
ment is beyond the staff, which has now become the back staff, 
and which must not be moved, except that its graduated side 
must be turned to the instrument. The observations may now 
be repeated in every respect the same as the two last described, 
and so on to the end of the work ; excepting in cases where 
** long sights " are taken, in which the correction for curvature 
and refraction must be applied, as in the example (Art, 11.); 
but these cases seldom occur in practice. The explanations 
just given, are of a more detailed character than those given in 
(Art. 10,), as it must be borne in mind that this work is for the 
instruction of those who are unacquainted with the subject, 
and who ought not to be led into tedious details all at once. 

The method of taking check levels being now explained, 
we shall next refer to the example, in which as already 
stated, "the levels were taken along the public road shewn 
by the dotted line (Plate I.,) as being the most convenient 
route between the town A and B, avoiding the necessity of 
passing through private property; the strong black line on 
xhe plan shews where the original section was taken; the 
section itself is shewn above the plan, and is drawn from two 
scales, the one giving horizontal measure, is the same as that 
of the plan, that is, one inch to the mile ; and the vertical scale 
J inch to the 100 feet. From this section it appears that 
the crown of the bridge at A is 14 feet above the datum line 
D E of the section, and that the bench mark (a stone by the 
road side,) at B is 111 feet above the same datum ; therefore 
the difference of level between the two places is 111 — 14 == 97 
feet. Now by referring to our level book, of which we have 
subjoined a copy, we make the difference of level to be 96*8 
feet, differing from the original section only 0*2 of a foot, or 
2*4 inches, a quantity that may be disregarded; the inference 
to be drawn from such a coincidence in the two results is, that 
the whole of the section between the points in question is 
sufficiently correct. 
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LETEL BOOK FOR BUNNma OB CHECK LEVELS. 



BMdcSisbts. 


F«r*Sigi>t«. 


Bemarki. 


0-84 


8-16 


Back O on BM.* on the bridge at A. 


5-86 


5' 


•61 




4- 19 


4- 


24 


Forward O at comer of road leading 


5'44 


1 


•20 


[toB. 


4-96 


8 


20 




4-78 


1 


83 


At crossing of line. 


6- 10 


2 


■00 




5-88 


8 


96 




5-91 


1 


83 




8-70 





90 




6-02 


1" 


21 


Staff placed on post notched for B.M. 


1-21 


4- 


00 


At crossing of line. 


8'53 


6 


■07 




8-96 


5' 


■34 




8*94 


4' 


81 


' 


8-98 


6 


08 




4-08 


4' 


■94 


Upon line. 


8-90 


2- 


96 




4-84 


2- 


42 




1*54 


6' 


12 




4-69 


4' 


■97 




604 


1' 


60 




2-24 


8' 


■86 


Upon line* 


7-25 


1 


89 




403 


1 


80 




9*54 


0- 


19 




6 70 


1- 


70 




9-40 


4' 


06 




6-44 


0-38 


Sums 


140-89 


91-32 


91-82 




Difference. 


49-57 

/ 1 







B. M. signifiea benctk mw\u 
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II*di8igllU 



For« SlgbU. 



49 

1] 

6 

11 

9 


4' 
8 



57 
00 
98 
12 
84 
18 
72 
89 



10 02 
1000 
8-58 
9*58 
9-90 
904 
lO'OO 
8*00 
8*68 



7 
1 

4 
7 
1 
2 
8 
6 



21 
99 
65 
48 
47 
55 
45 
78 
64 



205-27 
108 '47 



96-80 





.1 

1 

2 









1 

1 

1 

1 



8 

11 



8 

10 

10 

10 

10 

11 

9 

1 

2 



•46 
•80 

•78 
•20 
•82 
•10 
•77 
•92 
•03 
•19 
•18 
•68 
•85 
•52 
•55 
•88 
•75 
•48 
•00 
44 
•30 
•70 
•88 
•04 
•65 



108^47 



Diff. = 



Semarki. 



Brought fbrvrai-d. 



Upon line. 



Forward O on B. M. called B. 



Somi. 



DiflFerence of levels between A and B. 



I 



The difference of the sums of the back and fore sights 
being nearly 97 feet, proves that the bench mark at B is higher 
by that distance than the bench marli at A, as shewn by the 
section. 
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LEVELS FOR THE FORMATION OP A SECTION. 

m 

(16.) The next most simple case that can occur, is to take 
the levels of a line of country, where the ground plan is already 
made, and the line of section determined upon and marked out 
on the plan. Here, in addition to what is required in running 
or check levels, the distances to the several stations of the 
levelling staves from the starting point must be measured. 
Plate II. represents an example of this kind of work, the sur- 
vey of the land having been completed, and the plan of the 
fields, &c., drawn : the strong black line A B was the direction 
determined upon, as the most suitable for an intended line of 
railroad, and the section was accordingly taken : — bench marks 
had been previously agreed upon at the extremities A and B, 
from whence other surveyors could take up the levels and 
carry them onwards in both directions. 

Two additional assistants are required in this case, to mea- 
sure the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the same in every 
respect as that already described for check levels, excepting 
that, in this case, the operation is conducted upon the strong 
black line A B, on the surface plan, a copy of which must be 
in the surveyor's possession to direct him, and the distances of 
the several stave stations must be noted in the level book, in 
the column marked " Distances." 

The following is the level book of the example given in 
Plate II., shewing the manner of keeping it, and also the 
method of reducing the levels to obtain the actual heights of 
each station above the datum line E F, which is placed 100 
feet below the starting point A, for convenience of drawing 
the section. The whole operation being similar to that already 
given at Art. (14), excepting that here and in the preceding 
example we give the particular manner of performing the 
several parts of the field work, in order that it may be clearly 
understood by those who are unacquainted with the subject, 
as it is presumed that, in a short time, railways will become 
the common means of transit, both for passengers and goods, 
throughout every country of the civilized world. 
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THE LEVEL BOOK FOB PLOTTING THE SECTION. 

(Datum 100 feet below the station A.) 



1 Back 
1 Sights. 


Fore 
Sights. 


Rise. 


FaU. 


Reduced 
Levels. 


Distances. 


Remarks. 


feet. 


feet. 


feet. 


feet. 


feet. 
100*00 D 


links. 




13*71 


7-88 


6*83 




105*13 


619 


B. M. side of road. 


9*40 


16*30 


t 


6*90 


98*93 


1315 




3*87 


11*71 




7-84 


91-09 


1542 




2*63 


12-41 




9-78 


81-31 


1850 




14*62 


0*95 


13-67 




94*98 


2358 




17*00 


1*45 


15*55 




110*63 


2698 




10*66 


15-40 




4*74 


105-79 


3357 




2*87 


17*00 




14-13 


91*66 


3768 




3*40 


10-32 




6-92 


84*75 


3976 




6*73 


2-24 


3*49 




88*23 


6077 




16*54 


0*85 


15-69 




103*92 


5904 




1608 


0-89 


15*19 




119-11 


6124 




14*56 


0*73 


13*83 




132-94 


6437 




10-36 


14*06 




3-70 


129*26 


7467 




9*84 


1-36 


8*48 




137*72 


8369 




9*80 


7-00 


2*80 




140*52 


9303 




2*30 
10*96 


10-96 
14*46 




8*66 
3-50 


131-86 
128*36 




Centre of road at 2 1 6 
Qinks. 




9679 


2*08 


15-05 




12*97 


115*39 


9936 




1-75 


16-58 




14-83 


100*56 


10164 




1*84 


17*10 




16-26 


85-30 


10576 




0*00 


7-43 




7*43 


77-87 


11423 


Forward © at comer 


5*38 


3-50 


1*88 




79-75 


13066 


[of wood. 


8*50 


4*50 


4-00 




83*75 


14954 




5*30 


1*36 


3-94 




87-69 


15650 




10*20 


9*40 


0-80 




88*49 


17345 




6*86 


0*40 


6-46 




94*95 


19135 




11*00 


3-96 


7*04 




101*99 


19359 




11-80 


3-63 


8-27 




110*26 


19631 




10-53 


2-68 


7*86 




118-11 


19841 


Forward© at end of 


8*82 


1*38 


6-84 




124-95 


20561 


[wood. 


8-76 


2-20 


6*56 




131-51 


21671 




14*00 
14*50 


14-50 
4-32 




0-50 


131-01 
141*19 




Road at 450 links. 


10-18 


22710 


9*14 


1*00 


8-14 




149*33 
100*00 


23221 




304*19 


254-86 


166-49 


117*16 


254*86 




117-16 




















Differenc 


,e between Datum and 










49*33 


— 


49*33 


— 


49*33 


last R( 


educed level, or height 


i 










of Ba 


hove A. 1 



The several differences of the sums of the back and fore 
sights, of the sums of the rises and falls, and of the last re- 
duced level and the datum, exactly st^x^^Vcv^^Y^^'^^'s^'^^^^^s^.- 
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racy of the arithmetical operation in the preceding level book, 
all these diflferences being 49'33 feet, which is the height oi 
B above A, in the section Plate II. 

It is advisable for the surveyor to reduce the levels in the 
field as he proceeds, as it will occupy very little time and can 
be easily done while the staff man is taking a new position. 
The surveyor will thus be enabled to detect with the eye if he 
is committing any glaring error; for instance, inserting a 
number in the column of rises, when it ought to be in that 
of falls, the surface of the ground at once reminding him that 
lie is going downward instead of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi-distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, &c.; it would 
appear, therefore, to be necessary, to make our results per- 
fectly correct, to apply to each observation the correction for 
curvature and refraction as explained in Art. (7): this, we 
believe, is seldom done, unless in particular cases where the 
utmost possible accuracy is required, on account of the small- 
ness of such correction, as may be seen by referring to the 
table at the end of the book, where this correction for 1 1 chains 
is shewn to be no more than y^ part of a foot ; and as the 
difference in the distances between the instrument and the fore 
and back staves can in no case equal that sum, it is evident 
that such correction may be safely disregarded in practice. 
Besides it is not necessary to have the level placed directly 
between the staves while making observations, as it is frequently 
inconvenient to do so, for reasons just given, nor does a devia- 
tion from a line of the staves, in this respect, in the least affect 
the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are as nearly such as possible, or they 
must be afterwards reduced thereto, otherwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, 
we annex the following table, shewing the reduction to be made 
on each chain's length for the following quantities of rise, as 
shewn by the reading of the staves. 
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Eise in feet for 
one chain. 


Beductlon on one 

chain in links and 

decimals. 


1 

Eise in feet for 
one chain. 


Redaction on one 

chain in links and 

decimal?. 


1 


0-01 


11 


1-40 


2 


004 


12 


1-66 


S 


on 


13 


1-92 


4 


0-19 


14 


2-24 


5 


0-27 


15 


2-61 


6 


0-44 


16 


2-99 


7 


0-56 


17 


3-39 


8 


0-74 


18 


3-76 


9 


0-94 


19 


4-23 


10 


1-16 


20 


4-64 



TO DRAW THE SECTION, 

The levels being reduced, as well as the distances corrected, 
where required, the surface line may be represented in the 
form of a section, as shewji'in the upper part of Plate 11. The 
vertical and horizontal scales of a section are seldom the same, 
for the reason assigned in Art. (14.), which produces a carica- 
tured representation of the surface of the section ; the vertical 
scale being so much greater than the horizontal, shews the 
depths of the cuttings and embankments, required in the exe- 
cution of railways, canals, &c., with greater clearness than if 
both scales were alike. The plans and sections of projected 
work, deposited in the Private Bill Office, to obtain the sanction 
of the legislature, are mostly drawn to scales of from four to 
six inches to one mile horizontal and one hundred feet to one 
inch vertical. 

To make the section expeditiously, first draw the horizontal 
line E F, as the datum to which the levels were reduced, take 
any point E as the starting point, place the feathered edge of the 
horizontal scale against E F and prick off the several distances 
in the column headed "Distances," that is, 5*19, 13*15, 15-42 
chains, &c., then draw all the perpendiculars by means of a 
parallel ruler, or by a T square if the paper is properly fixed 
on a drawing table; and lastly from the vertical scale prick off 
all the reduced levels or vertical heights correspondhig to the 
several distances, connect the points and the section will be 
made, after which, write} in vertical lines, the several remarks, 
as crossing of roads, rivers, &c., that appear in the last column 
o£ the level book. The horizontal Im^ A.D, e^lkd tko. " dfl.tunL 
from bench mark at A," shews t\ift \am\KQ\i's» ^1 ^^ ^xix^^^'^^ 
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the section above and below the point A, from which it was 
originally plotted by Mr. Simms, his level book being adapted 
thereto. 

CROSS LEVELS. 

When a road or river crosses the line of a railway, or canal, 
cross levels are principally taken to shew the nature of the 
surface of the ground, both with respect to improving the main 
line, if possible, and to shew the approaches of cross roads to 
the viaducts, when required, and the depth and length of cut- 
ting, or the height and length of embankment that will be 
required, where the main line is either crossed on the level, or 
over or under by viaducts. The heights of the cross section 
is usually taken at every 1 or 2 chains length to the distance of 
8 or 10 chains on each side of the main line; but if the cross 
road have a regular slope, it will be sufficient to shew the in- 
clination of the slope, which may be done by a single setting up 
of the level and staves. The following notes will shew the 
method of taking a cross section, recollecting always to take 
the levels from the right to the left, of the forward direction of 
the main line, lest the section, through mistake, should be 
plotted in the wrong direction. 

CROSS LEVELS ON ROAD AT 92-15 CHAINS. 

(Section, Plate II.) 



Back 
Sights. 


Fore 
Sights. 


Distances. 


feet. 


feet. 


chains. 


1-84 


016 


2-00 


1-02 


8-70 


300 


2-83 


7-91 


4-00 


5-20 


10-63 


6-00 


4-13 


8-71 


7-92 


404 


8-02 


10-00 


2-92 


7-92 


1200 


3-16 


6-04 


14-00 


217 


6-87 


1500 


213 


700 


16-80 



Remarks. 



{ 



Line crosses reduced level 
131-86 feet. 



The cross section may be plotte(f on the same scale as the 
main section ; but some engineers adopt a larger one. From 
^vhat has been already shewn, the atudenl cwi Vv?^ iio dif- 
Acuity in plotting from the preceding notes. 
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PARLLLMENTARY PLAN AND SECTION. 

These differ little from what is shewn on Plate II, only in 
the former the fields, &c., are numbered with an accompanying 
book of reference to proprietors' names, &c.; and the cross 
sections are added in the latter, and the gradients put on, as 
described at page 153. See Working Section, Plate III., and 
the Standing Orders of the two Houses of Parliament. 

"WORKING SECTION. 

When the works of a railway, canal, &c., have to be carried 
into execution, the section must be more minutely taken than 
would be required in the preceding cases ; it is then called a 
working section. The following are the field notes for such a 
section. Plate III. shews the section of the ground and rail- 
way at the extreme end of the line, where the distances ter- 
minate at 1103*77 chains, or 13f miles and 3*77 chains. The 
student will be able to plot the section from the following level 
book and the accompanying directions. In taking levels for 
this section, the back and fore sights are not very far distant 
from each other, and the surveyor will frequently be able to 
make a number of observations at each setting up of the instru- 
ment both in the back and forward directions, the back staff 
being repeatedly removed nearer the instrument, where the 
ground varies, and the fore staff also repeatedly removed farther 
from it : in this manner from seven to ten observations may be 
obtained at one setting up of the instrument, if required. In 
the following level book, it will be seen, that it seldom occurred 
that only one back and one fore sight was obtained at each set- 
ting up of the instrument: at the first setting up four forward 
sights were observed ; thus the first back sight was 4*47 and 
the corresponding fore sights 4*53, 9*22, 5*07, &c. Here the 
first fall is obtained in the usual manner, that is, by taking the 
difference between 4*53 and 4*47; the next fall is obtained by 
taking the difference between the first and second fore sights, 
that is, between 9*22 and 4*53, this difference is 4.69, which is 
a fall, because the latter fore sights is the greater ; the third 
difference between the second and third fore sights is a rise, 
because the latter fore sight in this case, is the less : and so on 
till we come to the next back sight 6*36, when its correspond- 
ing fore sight 1*87 is taken from it, as previously shewn, and 
the difference placed in the column of rises. The column of 
reduced levels is obtained as in the preceding examples. 
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LEVEL BOOK. — WORKING SECTION, 


Back 


Fore 


Hise. 


Fall. 


Redaced 


Distances. 


Remarks. 


Sights. 


Sights. 


AVA«^ w • 




Levels. 




- 


feet. 


feet. 


feet. 


feet 


feet. 
270-72 


chains. 


(Height above Trinity 
} high water-mark, at 


4-47 


4-53 




0*06 


270*66 


1033-00 


( London Bridge. 




9-22 




4 69 


265*97 


1034-00 






5-07 


4*15 




27012 


1035-00 






0-24 


4-83 




274-95 


1036*00 




6-3G 


1-87 


4-49 




279-44 


1037-00 




614 


147 


4*67 




284-U 


1038-00 


( Side of falling post of 


6-62 


2*10 


4*52 




288-63 


1039-00 


< field gate in occupa- 




2*24 




0*14 


268-49 


1039*16 


( tion road. 


10*42 


9-47 


0-95 




289-44 




Lower binge of gate. 




13*22 




3*75 


285-69 


1039*44 


Centre of occupation road 




1315 


0-07 




285*76 


1039*56 


Edge of road. 




8*75 


4*40 




290-16 


1039-66 


Top of back. 




4*48 


4-27 




294*43 


1039*76 


Ditto. 




4 32 


0-16 




294*59 


1040-00 




2-44 


8-84 




6*40 


288*19 




B. M. soutb side of fine. 




2*83 


6-01 




294-20 


1041*00 




0-74 


2*18 




1*44 


292*76 


1042*00 


' 




5-35 




3'17 


289*59 


1043-00 




6-77 


7 28 




0-51 


289*08 


1044*00 






7*25 


0*03 




289-11 


1044*90 


Edge of ditch. 




8 36 




I'll 


288-00 


1044*92 


Bottom of ditch. 




3*57 


4-79 




292*79 


1045-00 


Stump, top of bank. 


3-37 


2-75 


0-62 




293 41 


1046 00 






1*43 


1*32 




294-73 


1047*00 




1-10 


2-25 




1'15 


293*58 


1048 00 






8 88 




6-63 


286*95 


1049-00 


Enter alder plantation. 


6-65 


9-53 




3-88 


283-07 


1049-20 






11-50 




1-97 


281*10 


1050C0 




5-85 


5-52 


0*33 




281 43 


1050-21 






12 01 




6*49 


274*94 


1051*00 






12-87 




0-86 


27408 


1051*48 






10-77 


2*10 




276*18 


1051-90 


{ Foot of bank, which rises 
( perpendicularly 2 feet. 




8-59 
1-40 


2*18 
7-19 




278-36 
285-55 


1052 CO 
105300 


8'22 


4-42 


3-80 




289*35 


1054-00 






2-97 


1-45 




290*80 


105500 






3-39 




0*42 


290*38 


1056-00 






6-51 




2*12 


288-26 


1057-00 






7-67 




2*16 


28610 


105800 




5*41 


6-68 




1*27 


284 83 


1058-27 


Edge of ditch. 




8-5G 




1-88 


282-95 


1058-32 


Bottom of ditch. 




6 08 


2*48 




285-43 


1058 37 


Top of bank. 




12 38 




6-30 


279-13 


1058-54 


Foot of bank. 


/ 


26-72 ^ 




4-34 


274-79 






2-04 2-66 1 


j 


0-62 


274-17 


, 1059-00 \ 1 


/ 


6.18 I 




3-82 


270-35 


\ 1059*40 


\-s:i^fioi^vtea, \ 





■.r 


VtL BOOK OT WORKISO 


SECTION 


ic«Uin»,^. 




Beck F 


re 


Rise 


Fall. 


ncJocci 


Distsncea. 


KetoBik!. 




Sight,. Sig 


hts. 






Levels. 








f«L ft 


T 


f«t 


fet 


270-35 


cliBinj. 


Broufht fonmrd. 






BG 




a-38 




1059-44 


Soltom orditcb. 








3-BB 




269-26 


1059-53 
1059-60 


Top uf bonk. 
Foolofbapk. 






74 






266 09 


I06O-0O 






3 -35 1 






4-91 




1060-95 


Top of bank. 






34 






2S608 


1061-00 
1 061 -05 


Slump Bid.: of bunk. 
nr^ltomofdUch. 






6S 


ISO 


1-lS 


25T-77 
256-62 


1061-10 


EdgBOfditcb. 




3-ca H 


SO 


o;75 


0-51 


3S9-49 


1063-49 


PoototbSTik. 
T.,p o( bsn-J. 








0-27 


3-8S 


25589 
356-16 


i063-SG 


nDtlamofdrBln. 
Crolre of parisb road. 










0-23 


25S-!)3 


1064-05 


Foot of bank. 






57 


3-74 




359-67 
257-22 


1064-16 


Topofbaufc. 




O'SD 1 










1064'30 


Foot of bank. 






41 




1-43 


2SS-38 
353-80 


IOOfi-00 
10B600 
1067-00 






7*80 ; 




0-4G 




354- IS 


1068-00 


(Crosses foot p»tb hi. 








a-a3 




257'ia 


1069-00 


11063 31.) 






74 






26B-79 








ID'63 ( 


43 


4-20 




364-99 


1071-00 










B-00 




3 70- OS 


1072-00 






10-7(1 i 


37 
IB 


6-70 




375-84 
279-69 


1074-00 








47 






379-64 


11/76-00 








56 


0-Bl 


0-44 


280-11 


1O76O0 


Edge Of ditch. 










0-S6 


279-65 




Bottom of ditch. 








3-lfi 






1076-47 


Top ol bant. 






96 




0-58 




1076-64 


Foot ot bank. 












283-73 


1077-00 






B-45 
S't4 3 


61 


8-84 
B-U 

a-Bi 




292-67 
«97-6B 
300-59 


1078-00 
1D78 53 


EnUr p1iint(ilion. 

H. M. on tlmbtr atamp. 




13-78 H 


36 


8-7B 


1-60 


299-09 
303 '36 


1079 00 
1079'47 






14-19 i 


se 


10-43 


0-40 


323-74 
323-35 


lOHO'OO 
1080-24 








37 


2-98 




326-23 


lOSO-47 




\ 


16-35 I 




lS-33 




341-56 


\ioso-aa 
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LEVEL BOOK OF WORKING SECTION (continued). 



Back 

Sights. 


Fore 

Sights. 


Rise. 


Fall. 


Reduce( 
Levels. 


Distances 


Remarks. 




feet. 


fee^. 


feet 


feet 


feet. 
341*56 


chains. 


Brought forward 


i 




1*32 




0-30 


341-26 1081*00 






8-66 


5-92 


2-74 




344^50 1082*00 






p 


5*14 


0-78 




344*78 1 1083*00 








8-43 




3-29 


341-49 


1084*00 




\j 


1*05 


4*50 




3-45 


338*04 


1085*00 








4*94 




0-44 


337-60 


1085*20 








6-83 




1-89 


335-71 


1085*30 


Edge of bank. 
Foot of bank. 






12-54 




6-71 


330-00 


1085*40 






16-82 




4-28 


325-72 


108600 






1*11 


904 




7-93 


317-79 


1087*00 






1*18 


909 




7-91 


309*88 


1088*00 






1-67 


9-70 




8-13 


301*75 


1089-00 






1-28 


9-58 




8-30 


293*45 


1090-00 






1*44 


9-41 




7-97 


285*48 


1091*00 






1'34 


9*14 




7-80 


277-68 


1092-00 






1-15 


8-12 




6-97 


270-71 


1093*00 






304 


4-43 




1-39 


269*32 


1093*86 


Edge of ditch. 






6-22 




1-79 


267-53 


1093*90 


Botton of ditch. 






5-16 


1-06 




268*59 


1094*00 


Stump, top of bank. 






11-10 




6-94 


262*65 


1094*08 


Foot of bank. 






9-29 


1*81 




264*46 


1095*00 






8*87 


5-77 


3-10 




267*56 


1096-00 


At post and rail fence. 




4-63 


3-46 


1-17 




268-73 


1097-00 


Edge of slope. 






7-06 




3-60 


265*13 


1098*00 






1'96 


4-60 




2-64 


262*49 


1099-00 


Foot of slope. 






4-60 






262*49 


1100*00 








3-67 


0-93 




263*42 


1101*49 






4-58 


503 
4-40 


0-63 


43 


262-97 
263-60 


1103-77 


Stump, end of curve 






4-58 




018 


263-42 




B. M. foot of post i 






1-05 


3-53 


268-95 


Top of said post. | 





This method of keeping the level book is adopted by many- 
surveyors; the accuracy of the castings is proved by taking the 
difference of the sum of the back sights and the sum of the last 
fore sights, leaving out all the intermediate sights, and the dif- 
ference of the last reduced level, and the same brought forward, 
and when these differences agree, the castings are correct. 
Some put the intermediate sights in a separate column, in thi» 
case a somewhat different method of casting is adopted: — I 
have given this method at page 357 of my system of levelling^ 
Jn the ninth edition of Nesbitt's Surveying. 
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PLOTTING THE WORKING SECTION. 

(See Plate III.) 

Having drawn the datum line, prick off every chain and 
number them beneath the datum line to prevent mistakes. 
!Next prick off the distances in the column of distances, and 
erect the perpendiculars, and just above the datum line, the 
height at each chain's length should be inserted, from the 
column of reduced levels; some also insert the heights of the 
intermediate stations, that the section may be plotted without 
the fear of errors. The horizontal scale in the example is 1 
inch to 5 chains, and the vertical scale 1 inch to 25 feet; these 
scales are frequently adopted in parliamentary plans. Having 
laid off all the heights on the perpendiculars, the undulating 
line forming the surface of the section may be readily drawb, as 
shewn in the plate referred to, and the description of objects 
worthy of notice must be added. The section is then prepared 
for putting on the gradients, &c. 

THE METHOD OF LAYING OUT GRADIENTS. 

Gradients are evenly ascending or descending portions of a 
railway; the ascent or descent being always less than 1 foot, 
reckoned vertically, to 100 feet on the level, or estimated hori- 
zontally ; thus to afford the means of rapid locomotive traction. 
Some gradients, however, are level, and such gradients are 
preferable to any other ; but the undulations of the earth's sur- 
face prevent their adoption to any great extent, in by far the 
greater portion of railways. 

The extreme left hand point of the section M, Plate III., being 
the point of junction with another railway, is the place from 
whence the gradients are to be laid out : the railway is repre- 
sented by two parallel lines, the upper one being the surface of 
the rails, and the lower one the bottom of the ballasting or 
formation level, being 2^ feet below the surface of the rails. 
For a short distance M N the gradient is level; the gradient 
N O then rises at the rate of 20 feet per mile, or one foot in 
264, for the twofold object of diminishing the great cutting and 
getting sufficiently high over the road at stake 1064 to allow 
headway for public carriages to pass under the railway. From 
this point the gradient P falls with the same rate of inclina- 
tion for a considerable distance, the object being to get as low 
down as convenient further to the eastward where there would 
be a considerable embankment required ; thus reducing the ex- 
tent of both the cuttings and embankments. Each change of 
gradient is marked by a strong vertical U\\^ ixc«s!L\\sft,^'8»ioQKa^ 

1* 
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line to the point of change, and the height written thereon 
The quantities of earthwork to form the cuttings and embank- 
ments with different slopes should be written on them, as shewn 
in the example (the method of finding these quantities shall be 
hereafter shewn); also above the line of figures denoting the 
height of the surface above the datum, should be placed the 
depth of the cutting from the surface to formation level at the 
same point, or the height of the enbankment, as the case may 
be : these heights and depths are those from which the calcula 
tions of the quantities of earthwork are to be made, and there- 
fore must be strictly correct : these heights and depths are fre- 
quently taken by measuring them carefully with the vertical 
scale of the section, but they may be more correctly obtained 
by calculation in the following manner. Let it be required to 
find the depth of the cutting at stake No. 1083, when the height 
of the surface above the datum is 344*78 feet; at stake Na 
1064 the height of formation level above datum is 269*20, from 
which point the gradient descends at the rate of 20 feet per 
mile, or 0*25 feet per chain, towards No. 1083; the distance 
from 1046 to 1083 is 19 chains, which multiplied by 0*25 gives 
4*75 for the fall of the railway in the space between the two 
points; hence the height of the railway above datum at No. 
1083 is 269*20 — 4*75 = 264*45; this sum subtracted from 
the whole height of the surface gives 344*78 — 264*45 = 80*33 
for the depth of the cutting at that point, and so on for all the 
remaining numbers. In the same manner the heights of bridges 
and viaducts may be found, either below or above the railway, 
recollecting to subtract the reduced level from the height of the 
gradient in the former case. 

It will here be proper to inform the student that the common, 
and, perhaps only practical method of laying out the gradients 
of railways, is by applying one end of an extended silken thread 
to the section at the commencement of the railway, the other 
end being so applied that the thread may cut the profile of the 
earth's surface, so as to leave equal portions of space both above 
and below the thread, judging by the eye, that the cuttings 
from the parts above the thread may furnish sufficient materials 
to fill up the spaces or parts below' the thread to form the em- 
bankments. If the position of the first gradient, though in 
itself favourable, should cause the next gradient to be less 
favourable, with regard to the extent of cuttings and enbank- 
ments, the position of the first gradient must be altered to suit 
the next following gradient, till it be found that the compound 
JVsuJt of the cuttings and embankments onlYi^XT^Q ^x«».dkiit3t 
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or on the successive gradients, as now altered, shall have less of 
cuttings and enbankments than in the preceding case. In this 
way it is advisable to change the positions of the gradients till 
the minimum of cuttings and embankments seems evidently to 
be attained, due regard being had to the limit in the ascent or 
descent of the gradients, which, as before observed, ought not 
exceed 1 in 100, also keeping in view, at the same time, the 
proper height for bridges to cross rivers, &c., in the meantime 
the difficulty of making the excavations being supposed equal 
throughout the length of the line. 

Great diversity of opinion prevails among engineers as to the 
propriety of making the gradients subservient to the economical 
construction of railways; hence we find, in many cases, a wide 
departure from the rule, as applied in the earlier days of rail- 
ways. Some of our most eminent engineers of the present time 
are in the habit of laying out what are termed "severe gradi- 
ents," so that inclinations of 1 in 80, and even as far as 1 in 
60 are frequently found in the sections of a great number of the 
new and branch lines, which of course is a question of expedi- 
ency, between present saving in construction and the future 
cost of working the lines. 

In laying out the gradients, it is desirable to affect as little 
as possible the existing levels of public roads; which, if practi- 
cable, should be crossed either on the level or 20 feet above or 
below them ; if impracticable, the road must be raised or sunk 
to meet the level of the rails, as the case may require; and sunk 
to gain the depth of 20 feet, in case of its passing under the 
railway, the inclination of its approaches to the railway being 
made 1 in 30 in turnpike, and 1 in 20 in other roads ; also, if 
practicable, all stations should be placed at the top of two gra- 
dients descending both ways ; as such gradients both serve to 
check the speed of a train, when approaching such a point, and 
assist it to regain its speed when leaving. 

The height of the gradient over or depth under the surface 
of any turnpike or public carriage road, existing railway, river, 
or canal, must be marked in figures on the section at each 
crossing thereof, as well as the height and span of the arch, or 
arches, forming the viaducts, by which the crossing is intended 
to be effected. 

RULE FOR FINDING THE RATE OF INCLINATION OF A GRADIENT. 

Divide the horizontal length of the gradient in feet, by the 
difference of the heights of the gradient at its extremities, above 
the datum line, and the quotient w the bQtl-LQtkfcaLtjci 'a.it\sA <» 
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fall of one foot, which is called the rate of inclination of the 
gradient. 

EXAMPLE. 

In Plate III. the second gradient at its commencement, is 
261*35 feet, and at its termination it is 269*20 feet above the 
datum line; thus giving a rise of 269*20 — 261-35 = 7*85 feet, 
the horizontal length of the gradient is 1095-50 — 1064 = 31-50 
chains = 2079 feet, whence 2079 -4- 7*85 = 264, (fractions 
being omitted) or a rise of 1 in 264, or of 20 feet per mile, as 
shewn on the section in the plate referred to. 

TUNNELS. 

When the excavations reach the depth of 60 feet, and con- 
tinue at that, or a greater, depth for a considerable distance, the 
most economical method of proceeding with the work is to make 
a subterraneous passage called a tunnel, through these deep 
parts; for it would be next to impossible in many such cases to 
cut the ground open to the surface. Tunnels, on railways of 
the narrow gauge, are usually cut to the width and depth of 25 
or 30 feet, and on railways of the broad gauge they are propor- 
tionably larger. The width and depth of the tunnel are less, 
if the material to be cut be hard rock. A tunnel A B C D, on 
the gradient N O is shewn in Plate ILL ; its length A B is 7 
chains or 154 yards, and its height A C 25 feet. All tunnels 
must slope to one or both of their extremities for the purpose 
of drainage; and it will be seen that the tunnel, here referred 
to, slopes to the end A. In laying out the gradients the di- 
minished quantity of cuttings, where there are tunnels, must be 
taken into account. This subject shall be resumed hereafter. 

LEVELLING WITH THE THEODOLITE. 

The use of the theodolite is sometimes necessary in levelling 
operations, especially when these operations are required to be 
conducted over very high and rapidly rising ground, or over 
steep and almost perpendicular rocks, where the ordinary level- 
ling instrument cannot be fixed. Select a convenient place 
to fix the theodolite, where the general inclination of the 
surface of the country changes, without regarding its minor 
inequalities; then set the instrument level by means of the 
parallel plate screws, and direct an assistant to go forward with 
a staff, having a vane or fiag fixed to it, of the same height 
from the ground as the centre of the axis of the telescope of 
the theodolite. Having gone to the station required, the as - 
sistant must hold the vane staff upright, while the observer 
measures the vertical angle, which an ima^u^i'y l\Tve^ connect- 
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ing the instrument and staff, makes with the horizon. The in- 
strument and staff should then change places, or, to save time, 
another staff should take the place of the instrument, the in- 
strument being removed to the former staff, and from thence 
the angle should again be taken to the second staff; the mean 
of which two angles may be considered the correct angle. This 
precaution is necessary on account of the variableness of the 
refraction, and more especially so where the points of observa- 
tion are at a great distance, and one much higher than the 
other. The distance on the slope must be measured in the 
mean time, which, with the mean angle, constitute the hypothe- 
nuse and angle at the base of a right angled triangle, in which 
the base is the horizontal distance between the two stations, and 
the perpendicular their difference of level, both of which may 
be readily found by trigonometry, or by laying down the tri- 
angle and measuring the parts in question. 

In this manner, by considering the surface of every prin- 
cipal undulation as the hypothenuse of a right angled triangle, 
the operation of levelling may be carried on with great rapidity; 
but it must be remarked, without pretensions to strict accuracy, 
— ^in fact, in this particular the use of the spirit level can never 
be superseded. 

LEVELLING BY THE BAROMETER. 

The method of finding the difference of levels for railway 
purposes by the barometer, though frequently recommended, 
will be found to fail in point of accuracy, on account of the sud- 
den changes in the pressure of the atmosphere, on which de- 
pend the indications of this instrument, since 90 feet elevation 
correspond to only one-tenth of an inch of the mercurial column, 
which difference has frequently been noticed at the same place, 
in a very short space of time, the weather at the same time 
being apparently settled. This method, therefore, can never be 
relied upon further than as a rough approximation. 
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CHAPTER n. 

THE METHOD OF LAYING OUT RAILWAY 
CURVES ON THE GROUND. 

(L) ON BAIL^VAY CURVES IN GENERAL. 

The natural unevenness of the earth's surface makes the use of 
curves in railways absolutely necessary, that the nearest prac- 
ticable level may be attained by avoiding mountains, crags, and 
other elevations, by winding round their bases by means of 
curves; which are also equally necessary in avoiding other na- 
tural and artificial obstructions, not materially affecting the 
level of the line; as rivers, lakes, swamps, &c. ; also towns, 
parks, pleasure-grounds, &c. ; thus a great saving results in the 
expenses of construction and in the severeance of valuable 
property. 

In railway practice, the curve adopted is always an are of 
a circle, and sometimes two, three, or more consecutive arcs of 
circles of different radii, having a common tangent or tangents 
at their point or points of junction, as in the compound curve. 
Sometimes the railway curve is composed of two or more cir- 
cular arcs, having their concavities turned in opposite direc- 
tions, with a common tangent or tangents at their point or 
points of junction: a curve, thus composed, is called the ser- 
pentine or S curve, 

Note. The arcs of the parabola, ellipse, &c., might with propriety be adopted 
as the carves of railways, in many cases, and sometimes with advantage ; bot 
the method of laying out these curres on the ground is attended with complex 
calculations ; besides a near approach to the arcs of any of these curves may be 
made by means of the compound curve. 

(2.) ON THE DIFFERENT METHODS OP LAYING OUT 

RAILWAY CURVES. 

It has been found in practice, that at least four different 
methods of laying out railway curves are requisite, partly on 
account of the degree of scientific skill of, or instrument used 
by, the engineer or surveyor, and partly on account of obstruc- 
tions on the ground, as buildings, cliffs, woods, rivers, &c., 
situated either on the concave or convex side of the curve, or 
on both sides, or on the curve itself: also on account of pits, 
swamps, bogs, &c., either wholly or partly preventing the use of 
the surveying chain. 

(3.) ON CURVE RULERS OR MECHANICAL RAILWAY CURVES. 

These curve rulers are a series ot area o£ c\xd^^, usuall/ 
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uade of hard wood, as box or mahogany, and sometimes of 
strong paste-board, with the lengths of their radii in inches 
*iarked on them. These curves usually begin with a radius of 
2 or 2^ inches, and terminate with one of 160 or 20D inches. 
The smallest radii commonly increase by half inches up to 10 
or 15 inches; then by 1 inch up to 20 or 25 inches; the 
curves in the middle of the series increase their radii by 2 
inches, the next series by 5 and the last by 10 inches. They 
are used to project curves on railway maps, and to determine 
the radii of curves previously projected. 

The annexed figure is a curve of 15 inches radius. If this 
curve is used on a map to a scale of six chains to an inch, it 
will represent a curve of 

15 X 6= 90 chains = 1 ^ mile ^.^r'-T^ feA^v^^m^ 'Tr--^'.^ 

radius. When the scale of .^^^»mlr7?MWI»^ 
the map is 2 chains to an ^^^^^SS^ 
inch, it will produce a curve X^-^^*^*^ -^^^sS^^^ 

of 15 X 2 = 30 chains radius. 

In all cases the number of inches in the scale of the map must 
be multiplied by the radius marked on the curve, to give the 
radius of the curve on the map. 

(4.) THE LimT OP THE CURVES OF RAILWAYS. 

By the Standing Orders of Parliament a minimum limit has 
been conditionally appointed for the radii of railway curves. 
This limitation is rendered necessary, because the centrifugal 
force, or tendency to motion in a tangental direction, of a rail- 
way train of great vei.?city, in curves of less radius, is so much 
increased as to hazard the trains running off the railway on 
the convex side of the curve. This limitation of the radii of 
the curves is not required at or near the termini, or at or near 
the principal stations of the railway; since in these situations 
the speed of the train must be gradually reduced before reach- 
ing the curve, for the purpose of stopping. Moreover, curves 
of less than one mile radius are admitted with safety, by giving 
a due super-elevation to the rail on the convex side of the 
curves to counteract the centrifugal force. This, however, is 
only done, where engineering difficulties require it. See for- 
mula for the super-elevation of the exterior rail, Chap. VI. 

Problem I. 

Case I. — The positions of two straight, or tangental portions 
of a railway being given, to determine the radius of (he curve 
that pins them. 
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t 

This Problem, at first sight would seem to admit of an in* 
definite number of solutions; but when the limitation (see Art 
4.) is considered, in conjunction with the local obstructions of 
rivers, roads, hills, &c., also of buildings or other valuable pro- 
perty, the problem is frequently limited to one solution, viz., 
that which presents the fewest of these natural or artificial ob- 
structions to the progress of the curve. 

Let A B, CD, be two straight, or tangental portions of a 
railway, which when prolonged meet at T, and the positions of 
which are given by a correct map. Apply several of the 
curves, described in Art. 3, to touch the lines A B, CD, with- 
out cutting them, as at the points B, C, and at the points F, 

C, &C., and let the curves 
BC, B'C &c., be drawn. 
Whichsoever of these curves 
presents the most economical 
rout for the line of railway 
ought to be adopted, provid- 
ed its radius be either equal 
to, or exceed the minimum 
limit, viz., 80 chains; unless 
it be thought adviseable to 
dispense with this limitation, 
for some of the reasons given in Art. 4. The radius of the re- 
quired curve, as already stated in Art. 3, is found by multiply- 
ing the number on the curve ruler, by the number of chains 
per inch in the scale of the map. 

EXAMPLE. 

Let the curve B C be projected by the ruler marked 24, and 
the scale of the map be 5 chains to 1 inch, required the radius of 
the curve B C. 

24 X 5 = 120 chains = 1 J miles BO = CO, the required radius. 

Note. This method of determining the radii of railway cnnres is nsoally 
adopted io practice ; but since a circalar arc, especially one of large radios, ap- 
parently coincides with its tangent for a considerable distance, it is difficult by 
this method, to find the exact starting and closing points of the curve : besides, 
it too often happens that the map is not strictly correct; in such cases, the 
positions of the tangents cannot be said to be given, therefore, this method can 
only be regarded as giving a rough approximation to the radius and position of 
the curve. 

Case II.— 7%e starting point "B of a railwat/ curve being 
given, to find its radius geometrically. 

Having prolonged A B, DC, till they meet at T, make 
TC = CB, and draw B O, C 0, respeQtvvely perpendicular to 
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A T, D T, meeting In 0; then is the centre, and B = C O 
is the radius of the curve, as is evident from the nature of 
tangents. 

Or, bisect the angle A TB by T 0; and at B erect B per- 
pendicular to A T, cutting TO in O ; then B O is the radius 
required. 

Case IIL — fVhen the map is incorrect, to find the radius of 
the curve by measurement on the ground^ the starting point B 
being given. 

Bange AB, D C, till they meet at T; measure BT, and take 
the angle A T D, one half of which is the angle A T O. Now, 
in the right angled triangle B T O, B T, and the angle A T O, 
are given to find BO; which may be readily done by Trigono- 
metry. See HanrCs complete and concise work on this subject. 

Case IV. — When the map is incorrect, and the tangents 
AB, DC, cannot be prolonged till they meet, on account of ob" 
structions, the starting point B being given. 

From B measure, in the most convenient direction, the line 
BD, meeting CD in D, the angles TBD, TDF, being respec- 
tively taken at the beginning and end of the operation, the sum 
of which is the supplement of the angle B TD; whence by tri- 
gonometry B T may be found, and thence BO, as in the last 
case. 

Or, the radius may be found by the following very concise 
formula, 

BO = ^^xsineZBDT* _ ^BD x sine ZBDT 
■" ver. sine of sup. / B T D "" sine^ of ^ sup. z. B TD* 
the latter form being adapted to logarithmic computation. 

* Demonstration.— 'Let BT, TCD be tan- 
gents to the circle HBC at B, C ; O the cen« 
trc, BO the radius, and COH the diameter 
of the circle ; and B D a line from the tan- 
gental point B to any point D in the other 
Ungent TCD. Draw BK, BW, respectively 
J-toTD, CH. ThenCW=(BK=)BD 
sine /. B D T. But C W is the ver. sine 
Z. B C to radius BO = BO X ver. sine 
/. B C to radius unity == BO X ver. sine 
of sup. /. B T D to radius unity ; .'. B O X 
ver. sine of 8up./.BTD = BD X sineZ.BDT, 

andBO= BDX.ineZBDT 
ver. sine of sup. /, b TD 

Thisformvla is clue to B. GompeTte,Esq.>T?.^S» ^^» 
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Problem II. 

To lay otU a railway curve on the groxmd by the ^sommon 
method, 

' Case I. — ^Let HA, q^q^ be the tangental portions of a rail- 
way, the extremities A and 9^ of which are required to be 
united by the circular curve A^^, to which HA, q^q^ shall be 
tangents; the radius of the curve being supposed to be found 
by one or other of the Cases in the preceding Problem, as cir- 
cumstances may be require. 

Let the radius 
ii this case be 
80 chains or one 
mile; prolong the 
tangent H A a 
distance A ;? = 
1 chain ; then 
opposite 80 in 
table No. 1, at 
the end of the 
book, is found 
4*95 inches 1= 
'pq^ which set 
off at right an- 
gles to A ?>, thus giving the first point in the curve. In the 
direction A q^ measure qp^ = 1 chain, and set off ^^q^ = 
twice ?>^ = 4*95 x 2 = 9-9 inches, at right angles to ^pj; 
then q^ is the second point in the curve. This last opera- 
tion must be repeated till the curve shall have been set out 
to the point q^^. Lastly q/^p^ being measured = 1 chain, 
in the direction q^ q^^ the offset v^ q^ will be found = 4*95 
inches = the first offset v q, thus proving the accuracy of the 
work. In this manner the operation is conducted, whatever 
be the length of the curve. 

Case II. — ^Let A O = r, and 5=Ap = 5'Pa = &c., which 
may be either less or greater than one chain ; then the general 

length of the first and last offsets pq^ '^8^$ is 2~> ^^^ t^o 

length of each of the other offsets is - , or twice the first or 
last offset ; but the length of the offsets given in the table is 
represented hjr -^ ; therefore, if A p, p q^y &c., be taken 2 
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3, or 4 chains, the value of ~ must be multiplied by 2^ = 

4, 3^ = 9, or 4^ = 16, respectively, to find p q, and the re- 
sult, in each case, multiplied by,2 for each of the offsets p^ q^^ 
p^q^i &c. In this manner the curve may be set out more 
speedily, ?ind with less liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 

EXAMPLE. 

52 1 

Let AO = 7* = 120 chains, and 8 = 4 chains; then •--=—- 

2r 2r 

X 16 = 3*3 X 16 = 52*8 inches 4 feet 4*8 inches :=pq z=z p^q^ ; 

whence (4 feet 4*8 inches) >^ 2 = 8 feet 9*6 inches = P29a = 

Pa 93 = &c. 

Note 1. When the curve has been correctly set out, as in Case II., the inter- 
mediate stumps may be put in at the end of every chain, if required, by the 
method given in Case I. The distances of the intermediate stumps, thus put 
ir, will not, in most cases, exceed a chain by a small fraction of an inch ; be- 
cause the lengths of the offsets pq, ptq^t &c., is so small, that the curvilinear 
lengths Aq, qq^, &c., can never greatly exceed those Ao,qp^, Sco, 

Note 2. If the curve, in Cases L and II., fall far short of meeting the tan- 
gent ^4^5, some error has been made, either in the calculation or in the work on 
the ground, and the operation must be repeated till coincidence be either ob- 
tained, or at least within an inch or two. 

Note 3. The method, given in Case If., is sufEciently accurate when 8 does 

not exceed -^-^ of the radius of the curve ; but when it exceeds that limit, the 
formula in Case III. ought to be used for finding the offsets. 

Note 4. The offsets to the curves, in the diagrams to this and the following 
Problems, are drawn much larger than they ought to be, in order that they 
may be shewn more clearly ; indeed a due proportion, in this particular, would 
require diagrams of a larger size to shew the several parts distinctly. Besides, 
only a small part of the operation, for a curve of great length, is shewn ; but as 
the whole of the work, except the first and last offsets, is alike, to shew more 
wouid be unnecessary. These circumstances the student will at once perceive, 
and draw th« diagrams to a large scale for practice. 

Note 5. When the curve has been set out, the rods or arrows that mark the 
points qi q^ &c., must be taken out; and strong stumps, from 16 to 18 inches 
in length and \\ inch square, must be put in their places, firmly in the ground, 
to mark the position of the line. The same kind of stumps must also be put at 
the end of every chain in the straight portions of the line; and the extremities! 
of every curve marked with larger stumps, or two or three of the ordinary 
stumps put down together. 

Note 6. By this method the greater part of both British and foreign rail- 
way curves have been laid out. It was invented by the author about 30 years 
ago, when the Stockton and Darlington Railway was laid out, and eagerly 
adopted by engineers, as it involves very little calculation, and does not require 
the use of a theodolite. It is, however, defective in practice, on account of its 
requiring so very many short lines connected tovt;fcX\AT, «& «s\viit%H(^^«a»:*^sAc 
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ably creep in and multiply, and more espedallj so where the ground be rough, 
thus the curve has frequently to be retraced several times before it can be got 
right. Hence the author prepared the methods in the following Problems. 
See Remarks on the Method ofLayiug out Raihoay Curvet at the end of these 
Problems, 

Case III. — ^When 8 exceeds -j'^ of the radius r of the curve, 
the following formulae ought to be used for finding the offsets, 

and p2 q^ = &c. = 



I 



^r'-i^ 



EXAMPLE. 



Let r = 40 and 8 = 4 chains; then pg = r — v'r^ — 8^ = 
40 — V 402^42 = 40 - 12 ^/ 1 1 = -2005 chain = 153-8 inches 

82 

= 13 feet 2-8 inches. Also p^q^ = --====:= -403546 

chain = 319*6 inches = 26 feet 7*6 inches. 

Note. These ofisets are a little longer a:id mora accurate than if they had 
been found as in Case II. ; but the results in these two last Cases do not mate- 
rially differ, when 8 is less than 1 of the radius. 

Investigation of the formulcB used in this and the following Ptdtlems, — ^Put 
v^pq, (see last fig.) the other symbols remaining the same as before; and 
draw Or, 0», respectively perpendicular to A^, gfjj; then by similar triangles 

AO: Ar(=^Asr) :: Aq: j^=pq=zT. But (Euc. I. 47.) Aq = 

fs/b' + IT*, . •. T = — ni — , or w*— 2rir + 5' = 0; whence ir ^ r — 

V«^ — 8*. When r is large, and 8 only 1, 2, or 3 chains, the value of the 
surd expression is very nearly = r ^ — ; whence » r= r — f r — — J =-j — 

which is the lurmula for the first offset p^, as practically u^ed. 

Now, put T = p2g2= &c., then gg^ = >/8- + ir'; cos. /.P^gg^ = 
cos, ^^32"-,,= --=^= COS. Lgg.g.'. whence -L_(l --^^^) 

= cos. Z. *gO = sine Z: sOg; and ^(l - _L_ )' = i (8^ + w^). 

By reducing this equation, rejecting the powers of v above the second, (because 
T is always in practice very small with respect to 8, and much more so with re- 

spect to r,) there results ir^ r= -_j-_^_._^_^ = (approidmately) 

«» 

^ ; and when 8 is very small compared with r, w* is very nearly = 
r* — ■J-o' 

— or IT = — , which is the formula given for the offsets, l>a92» i's9s> &c»» ** 
commonly used in practice. 
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Problem III. 

To lay out a railway curve on the ground^ hy offsets from its 
tangentSj no obstructions being supposed to' prevent the use of the 
chain on the convex side of the curve. 

Case lu,— When the length of the curve does not exceed ^* of 
its radius. 

Let AB, DC be 
straight portions of a 
railway, the points C 
and B being required to 
be joined by a circular 
curve BC, to which AB 
DC shall be tangents, the 
radius B O of the curve 
being supposed to be 
found by one or other of 
the cases in Prob. L, as 
circumstances may re- 
quire. 

Range the tangents A B, D C till they meet at T; and let 
the radius B O = 80 chains = 1 mile; measure on B T the 
distance Bj' = 1 chain; and at right angles to B T, lay off the 
offset qp = 4*95 inches, by Table Ko. 1, as in Problem 11. ; 
then p is the first point in the curve. The offsets p^ g^, p^ ^3, 
P4. 9a9 ^^'9 which are each 1 chain apart, must be respectively 
2\ 3^, 4\ &c., or 4, 9, 16, &c., times the first offset pg; thus 
Pa 9 2 = ^'9^ X 4 = ]9'8 inches, v^g^ = 4*95 x 9 = 44*55 
inches, p^g^ = 4*95 x 16 = 79*2 inches, &c. 

When the offsets have been thus laid out, till the last one 
gsPs falls little short of T; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on TC = the last distance on BT, and the remaining 
distances 1 chain each on to C. 

Note. It can rarely happen in practice that the last offsets, from both tan- 
gents will meet at the middle point ps of the curve, as shewn in the figure; 
but will either intersect one another or fall short oi* the middle point ; this is a 
matter of no consequence, although some engineers require the stumps that mark 
the line to be placed regularly one chain asunder: the method of doing this 
shall be shewn hereafter. 

* When the curve is longer than ^ of its radius, the offsets in most practical 
cases become inconveniently long as well as not sufficiently accurate, by the 
nietliod here given for finding them. See Demonstration to Problem lll»^^. V4, 
cFBai:er^s JRaiiioai; EngineeriTtg. 
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EXAMPLE. 

Let the radius of the curve be 160 chains, required the offsets 
at the end of every chain, from the tangent to the curve. 
P 9 (per Table No. 1.) = 2*475 inches. 

P292 = 2-475 X 4 = 9-9 

p^q^ = 2-475 X 9 = 22-275 

P494. = 2-475 X 16 = 39-6 

&c. &c. &c. 

Case II. — To lay out the curve when it is any required 
length. 

In a long curve (of which there are some more than two 
miles in length) the tangents, if prolonged to their point of 
meeting would necessarily fall at a great distance from the 
curve, thus giving an inconvenient length to the offsets which 
in practice should never exceed two chains. To remedy this 
inconvenience the curve must be divided into two or mcn^ 
parts, by introducing one or more additional tangents, thus the 
offsets may be confined within their proper limits. In the 
annexed figure the curve AC is divided into tw-O unequal parts 

at B ; at which' point 
B „ the tangent D B E is 

introduced, on the most 
convenient ground to 
meet the tangents AD, 
CEinDandE. The 
tangent AD must first 
be measured to on ex- 
tent not exceeding \ of 
the radius AO. Then 
in the right angled triangle ADO are given A O, A O, from ' 
which the angle ADO may be readily found by trigonometry: 
this angle, being doubled, gives the angle A D B, which deter- 
mines the direction of the tangent D B E. This done, the 
offsets to the curve may be laid off, as in the last Case, the order 
of the offsets being inverted on D B and again on B E, &c. 

EXAMPLE. 

Let A = 160 chains, and A D = 20; then by trigono- 
metry,— As 20 (AD) log 1-30103 

: 160 (A O) 2-20412 

radius 10-00000 

tan. J Z. AD = 82° 52i' ...10-90309 

2" 







^ A D B = 165° 45' -wYi^t^^^ "Col^ ^^^jlvoti 
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of DBE becomes knov*rn; the offsets will be the same as in the 
last example, It would scarcely be necessary either to calculate 
or take the angle BEG, had it not been advisable to do so for 
the sake of checking the accuracy of the work. 

Note. If the length of the curve be considerable, it may thus he divided into 
S, 4, or more parts, according to its length. 

Case III. — W/ien a curve is set out from several tangents, as 
in the last Case, to make the last and first offsets on any two 
consecutive tangents meet at one 'point in the curve. 

This method may be advantageously adopted when the dis- 
tances of the stumps are required to be equal. Measure on 
A D any number of chains less than -I- of the radius A O, and 
find the length of the last or longest offset on A D, which sup- 
pose to be p^q^* Then A O : Aj^g : : y^q^ 'Pz^> whence 
the distance JD3 D becomes known, which must be added to 
. A^3 to give the full length of the tangent A D. 

EXAMPLE. 

Let A = 140 chains; then Apj = -J- A O = 17^ chains; 

and by taking the nearest whole number of chains, viz., 17 

17a 

chains for the length of Apa, we shall have p^q^ = 5 — 77^ =» 

1*03 chains, and as Apg is little less than -J- of A O, pj D is 
Sufficiently near to -I- x 1-03 = 13 links: whence AD = 17 
chains + 13 links = 17*13 chains nearly. The remaining parts 
of the calculation are the same as in the last Case, and may be 
put down as below. 

Since the radius A O = 140 chains, the first offset. 
p q (per table No. 1)= 2-8285 
Pa ^2 = 2-8285 X 4 = 11-314 
P3 ^3 = 2*8285 X 9 = 25-4565 
p^ q^ = 2-8285 X 16 = 45-256 
pg q^ = 28285 X 25 == 70-7125 
&c = &c. = &c. 

As the lengths of the tangents BE, EC in the remaining 
portion of the curve must necessarily be limited, the last and 
first offsets cannot be made to meet on the curve, unless they 
should happen to do so; therefore the distances of the stumps 
must be made equal in this part of the curve by Case I., 
Problem IL 

Note. The methods of laying out the curve, given in this problem, have a 
decided advantage over those given in Pio\Aem 11, \ aa^^ ^i>Kt^^ ^■ssi.Nsi^'^aSkA 
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to touch the tangent EC at the required point C, without repeatedly retracing 
it, as is often the case in the Problem referred to. 

Problem IV. 

To lay out the curves where obstructions, such as water, 
swamps, pits, ^c, prevent the use of the chain, hy two theo' 
dolites. 

Case I. — When the points in the curve are any assumed an- 
gidar distance apart. 

Let AB be the curve; 
HA, IB tangents at 
extremities; A O its ra- 
dius; and p, p^j ^3, 
&€., several equidistant 
points in the curve, 
from each of which two 
lines are drawn to the 
ends A, B of the curve. 
Let the equal angles, 
made by A B and the tangents prolonging, be determined ; the 
sum of which, or the double of one of them, is the angle A OB; 
and let this angle be divided into any number of equal parts, 
as Ap, pp 29 P2P39 &c., which are each double the measure 
of the angles ABp, />Bpj, &c., or double the angles BAp^, 
p^Ap^, &c., by the nature of the circle, also the sum of the 
angles at the base A B of each of the triangles ABp, ABp^, 
&c., is equal to half the Z. AOB. Hence the following method 
of setting out the curve: 

EXAMPLE. 

Let the angles made by the tangents H A, I B, with A B, be 
each 40°; then the angle AOB = 40° x 2° = 80°; hence 
the sum of the angles B A p, ABjp = 80° -^ 2 = 40°; there- 
fore, if the angle ABjo be taken = 1°, the angle BAp = 
40°— 1° = 39°. These angles may be set out, by having two 
theodolites fixed at A and B at the same time, and, the corres- 
ponding directions Ap, Bp, being fixed upon at the same in- 
stant by means of signals, may be continued by poles till they 
intersect at p, which will be the first point in the curve. Se- 
condly, takeZ AB;;, = 2°; thed^PAp, = 40°— 2° = 38°: 
and the lines Ap 2, Bjo,, being continued, as before, till they 
intersect in j^,, will give a second point in the curve. In the same 
manner^ a succession of points may be found, by continually 
increasing the angle at A by 1°, and diminishing that at B by 
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the same quantity, till the former angle becomes 89^ and the 
latter 1°, thus giving 39 points in the curve. 

Note. It may here be proper to remark, that the obstructions are sometimes 
80 great, that some of the points of the curve cannot be found : in a case of this 
kind, it will be necessary to defer the finding of such points, till the works oi 
the railway are so far advanced as to present a better opportunity. 

Case IL — PThen the points in the curve are at a given dis- 
tance apart. 

Let r be the radius, and S the given distance of the points 
in the curve = Ap z=zpp^=. &c. ; and letZ. A B j» be taken = 

2r 

used in the two last Problems. This angle must be doubled, 
tripled, &c., to give the successive angles to bo taken at B; 
which angles, being successively subtracted form ^ Z. A O B, 
will give the corresponding angles to be taken at A; which may 
be set out as in the preceding case. 

EXAMPLE. 

When r = 80, 8 = 1 chain, and the angle between the 
radii A 0, B O the same as in the last example; then Z A B/> 

= arc to natural sine ^(=t4) = '00625) = 0^ 21' 29"; 

whence the other angles are readily found by doubling, tripling, 
&c., this angle; which being set out, will give the consecutive 
points in the curve, each one chain apart, except the last, which 
suppose to be p^ B and which may be either 1 chain, or a 
fractional part of a chain, according to the magnitude of Z. 
AOB. 

Note. Mr, Rankine's method of setting ottt the curve. — As this method is evi- 
dently a modification of the one just given, it shall be here explained. It is 
founded on the property here given /. A Bp sss ^p Bpa = &c = ^ T Ap 

^ &C. = arc to natural sine -r— ; in which 3 is always taken = 1 chain. A 

2 r 

theodolite is fixed at A, the /./i A T is taken, and the distance Apssl chain 

is set out from A to p, the point p being brought exactly into the direction of 

the visual axis of the instrument ; the /. |?2 A T is next set out = 2 X Z. !> A T, 

and the distance />i|i 2 =^ 1 chain, applied in the same manner as Ap and so on 

to the end of the curve. This method, though theoretically accurate, is even 

more objectionable in practice than my common method, given in Prob. II., 

Case I., on account of the multiplicity of small angles and short lines required; 

while errors committed at the beginning of the work, will gradually increase as 

it proceeds, whether the errors result from taking the angles or the short dis- 

* For the investigation of this and other formula in this work, ace the foot 
notes in Baker's Railway Engineering^ 
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taoces A j>, ppft && and especially in the distancei, if the groimi be rongk or 
nneven. Besides thjs method cannot be improved bj taikiiig longer chorda* aa 
in Prob. II., Case II., without a chain of unwieldy length. I would, therefore* 
not recommend this method, espedally to trace out a curve of great length, and 
where the tangent at its termination cannot be changed in position, to accom- 
modate the almost mavoidable errors. Moreover, RankineU method would not 
have been noticed in this work, had U not been put forth by severed auShors ob a 
perfect one. 

Problem V 

To set otUtlie curve hy offsets from its chord or chords^ where 
ohstructionsy on its convex side, prevent the use of the preceding 
methods. 

Let A C B be a portion, or the wliole, of a railway curve, 
H A a tangent at its commencement, T C a tangent to its mid- 
dle point C, and A O, C O its radii. Take, if possible, the 

chord A B an even 

C .,^^^^^-z!'^^^ number of chains; find 

the successive oSaetB, 

corresponding to the 

radius AO and the 

7'-, \ ^-i tangent TC = AD 

l/ ^^>, \ = i AB, as in Prob. 

IIL the lasto£&et TA 
willbe = CD;fromCD 
subtract the successive 
offsets, and the remainders will be respectively the offsets 
Pa 999 P99 ^'f wliich must be set off, in an inverted order 
from A to D, and their order must be again inverted in 
setting them off from D to B. J£ the curve shall not yet be 
completed, the operation may be continued by taking other 
chords, as B E. 

Note 1. It will be seen that the tangent T G, which is paraUel to A B, is 
not used in the operation, further than to explain the nature of the method of 
finding the offsets. 

Note 2. This method may be advantageously used \vhere a winding river, 
buildings, cViSs, &c, are close to, or protrude in some places over, the curve; 
thus excluding the use of any other method, except that in the preceding 
Problem, whid^ is not always convenient, on account of its requiring two 
theodolites. 

Problem VI. 

To set out the curve hy means of artificial objects, as buildings 
in townSf S^c, ; when none of the preceding methods can be con* 
veniently used. 

If the parliamentary map is inaccurate, a correct one ought 

immediately to be made, when the cur\re is required to pass 

tbrough a cloae-hmlt towui or tbroug\i BcaU^xe.^ WMvdi%% mth 
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small enclosures, such as frequently exist in the vicinity of large 
towns, the following method may be successfully adopted. Put 
marks on the buildings, or other remarkable objects, which cor- 
respond to the position of the projected curve on the correct 
map; through which marks the curve can be laid out, wiien the 
buildings, &c are removed. 

Note. The necessity of a correct map, in this case, will at once be seen, 
08 it will prevent the unnecessary polling down of many buildings to make 
way for the curve. 

Problem VII. 

1. To find the radii of the compound curve by curve rulers. 
The compound curve has been defined in Art. (1,), page 158, 

Let A B, C D be the straight portions of a railway which are 

to be joined by a curve passing through or near the point C. 

Apply several of the curve 

rulers so as to touch AB at 

B, without cutting it; and 

that which passes through, 

or very near to C, must be 

selected as a portion of the A 

line of railway. Apply 

another series of curve 

rulers till one be found to 

touch the curve BO at or 

near C, and the tangent 

CD at C. Then find the 

radii BO, CO' of the two 

curves as in Pfob I., Case I. 

2. When the compound curve has several radii terminated by 
given points. 

If the nature of the ground is such as to require three, four, 
or more curves of different radii; also if c' be required to be a 
given point; the method of determining the several radii, &c., 
will be sufficiently obvious from what has been already shewn. 

Problem Vlll. 

To set out the compound curve on the ground, - 
Find the radii, as B O, C 0'; the tangent point, as C; and 
the junction j)oint, as C, with the position of the common tan- 
gent at the junction point; (see last figure) then the different 
portions of the curve may be set out on the ground by one or 
other of the methods given in the preceding Problems, according 
to circumstances as respects obstructions, &c. If the curve 
consist of three or more portions with different radii^ it willonl^ 
require a continuation of the same o^^t^Wou. 
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Fkoblem DL 

To determine one of the two radii of a compound curve by 
calctdationy the other radius and the tangent points being give?*, 
(See figure to Prob. VII.) 

Join BC; put OB = OC = R, O'C = aC = r, «= BC, 

a= Z.TBC', andi3=: ^ TC'B; then 

_ i»(— > 4- 2B8inea) ^ 
8sinei8 + 2R8ine2^-^ 

Whence, having measured the distance B C, between the given 
points, and taken the angles T B C, T C B, the radius C C = 
O'C = r may be readily found. In making the calculation the 
natural sines must be used. 

Problem X. 
To find the radii of the serpentine curve mechanicaUg. 
The serpentine curve has been defined in Art. 1, page 158. 
In the annexed figure BGC is the serpentine curve; AB, DC, 

the tangents at its 
extremities; BO, 
C 0', the radii of 
the respective por- 
tions BG, GC, of 
the curve ; and 
OGO'the common 
normal of these 
portions. If the 
curve is required 
to pass through or 
near the point G, 
the mechanical 
curves, or curve 
rulers, must be applied, till the portion B G of the curve is 
satisfactorily determined, as in Prob. VII. ; after which the 

• Investigation.— Dt&w Op, Op' JL to BC ; and through 0' parallel to BC 
draw Cj, meeting 0^? in q. Then 00' = R — r, Bj? = R sine o, O/i = 
R COS. a,Qfp'=^r sme i3, O y = r cos. /3, 0^ = 0; ? — Oy ^ R cos, a -■ 
r COS. /S, and 0*^ =ipp' = ^/ gO'— Og^ = s/ (Rt)-— (R cos, a t cos . jS)* 
Also 8 = R sine o + r sine iS + ^ ^R — . r)3 — (R cos. a — r cos. &)\ By 
reducing this equation, and putting for sine* + co8.3 its value 1, there results 
r = ig(-»+2R8ipea) ^^ ^^.^^^ .^ ^^ ^^^^^^ ^^^ ^^^ required radiosL 
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Other portion G C may be found in the same manner as in the 
problem just referred to; and, having marked the tangental 
points B, G, C, and determined the radii B O, C 0', from the 
mechanical curves, the operation will be complete. ' 

Problem XL 

1. To find one of the radii of the serpentine curve by calcula- 
tioUy the other raditis and tangent points being given. (See figure 
to last Problem.) 

By using the same notation as in Prob. IX., we shall have 
the following general formula for finding one of the radii of the 
curve when the other is given, whether the curve be serpentine 
or compound. 

^ 8 (+ 8 + 2 R sine «) ^ 

8sine)3 + 2Rsine2l±^ 

In the present Problem the upper signs are used ; and by 
assigning the proper values to R, $, a, and ^, the length of the 
required radius r will be, found. 

Note. It may thus be readily known whether the required radios is eqoal to 
or greater or less than 80 chains ; if less, either the given radius most be, if 
possible, diminished, or the distance of the tangental points increased according 
to the requirements of the case. Also, by joining B G, C G ; and determining 
either of the isosceles triangles OBG, O'CG, the positioc of the common normal 
point, or point of contrary flexure of the curve, may be exactly found, for the 
purpose of setting out the curve on the grounds 

2. When the two radii B O, C O', of the serpentine curve are 
equal to find this common radium by calculation^ the tangental 
points being given. (See last figure.) 

In this case R = ?•, the other notation being the same as be- 
fore; also put <r = arc to cos. \ (cos. a + cos. )3); then, 

, = I + 

sine a -f sine iS -f- 2 sine o- '' 

Note. By this very concise formula the common radios may be readily de- 
termined ; thus giving the most preferable method of forming the serpentine 
curve, when the nature of the ground will admit of its being done. It thus 
may be readily ascertained from the data whether the radius be greater, equal 
to, or less than 80 chains ; and, if less, the distance of the tangent^ points must 
be increased, till the required length be obtained ; but, as already noticed, the 
limitation of the radii to be either equal to, or greater than, 80 chains, is not in 
all cases absolutely necessary. , 

• By drawing the -Ls Op, 0'i>', and proceeding with the investigation in 
Ae same manner as in foot note to Prob. IX., the general result above re- 
ferred t6, will be obtained. 

t This formula is a particular case of that given Itv Vx<i^\X.*\N^3^vc£^'«^- 
gation is also fully given in Bdker*« JiaiWiy Engineerxug. 
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Fkqblem XIL 

To make a given deviation from a straie^i Une ofraUwmy^ by 
three curves; that the works of the line may avoid a buil^Hng or 
other obstruction^ situated on or near to ft, 

1. Let AB C D be a straigfat portion of the railway, h a 

building or other ob- 
struction on the line. 
Take H Q of a suffici- 
ent length for a devia- 
tion, that the lateral 
works of the line maja- 
void the object at A; and 
through Qdrawa curve 
GQG' of radius QO' == 
to, or greater than 1 
mile. Draw also, two 
other curves, BG, 6'C, 
of like radius, to touch the first curve at G and G', and the line 
at B and C: then the lines 00', O^'O*, joining the centres of the 
eurves, will pass through their points of eontsasy flexure at G 
and G'. 

2. Calculation. Put r = common radius OB = O^Q = CC; 
an d d = requ ired deviation =: H Q ; then B H = H C = 
s/d(4i r — d)y and the four equal chords B Gy G Q^ &c, are 
each = i^dr. 

EXAMPLE. 

Let the deviation Q H = cT = 3 chains, and the radius B O 

= r = 1 mile = 80 chains; then BH = HC = >/3(320— 3) 

= 30-84 chains, and B G = G Q = &c. = >/240 = 15-49 

chains. These distances being set out will give the required 

points in the deviation curve B G Q G' C, as required. 

NoTB. These deviations are now more frequently made than formerly by 
some of our most eminent engineers to avoid large cuttings and embankments; 
thus contributing greatly to the economy of construction, especially ef biaach 
lines where great velocities of transit are not required. 

EXAMPLES OF EXPENSIYE SETPaiANCE OF FROPERTT BT 
IMPROPERLY SETTING OUT RAILWAY CURVES. 

1. It has been already shewn (Prob. I.) that the carve 

adopted in joining two straight portions of a railway, oaght to 

avoid, as far as possible, expensive cutting, severance, brulgea», 

&c.^ provided its radius be equal to or greater than one mil^ if 

other considerations do not require it to be leas. The following 
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injudicious riolations of this rule came immediatdy under the 
author's observation. 

In the annexed figure, AR SB is a curve of 1 J miles ra- 
dius, at Westwick, near Cambridge, in the Wisbeach, St. Ives, 
and Cambridge Railway: this curve unnecessarily makes an 
expensive severance, by being laid out through a gentleman's 
park, with 100 yards of his houae, and by crossing and re- 
crossing a brook 16 feet in 
width at R and S, within A.^ 
the space of a few chains, 
th^ brook being left by the 
curve only 30 yards, at the 
widest part between the 
points of crossing. Thus the 
line here requires two oblique bridges at B and S, which 
might have been avoided^ as well as the expensive severance of 
the park, by extending the tangental portions A C, B D of the 
railway a few chains each, and substituting a curve C D of 
one mile radius to supply the place of the one thus ignorantly 
adopted; the ground being almost perfectly level, and the limit 
of deviation at the same time, admitting, nay at once suggest- 
ing, this improvement of the line, as it respects expense of 
construction. 

2. A similarly expensive severance was unnecessarily made 
in the same liiie at Histon^ about three miles from Cambridge, 
by laying out a curve of 3 miles radius, through cottages and 
gardens, all of which (being situated within three chains of the 
middle of the line on the north side thereof,) would have to be 
purchased by the railway company ; besides the curve at the 
same place crossed two public roads within 40 yards of their 
junction : but had the stra^ht portions of the line been ex- 
tended at both ends of the curve, as in the former case, and a 
curve of 1 or 1^ miles radius been employed, instead of the 3 
mile radius, both the cottages and gardens might have been 
I)2tS8ed near their southern boundary, and only one road would 
lie required to be crossed, at a short distance from the junction 
of the two roads in question, the limits of deviation and the 
^ound (being perfectly level) at once suggesting this improve* 
fhent to any engineer of ordinary skilL 

There was a slight hope that the head engineer of this line 
would have rectified these expensive blunders, previous to the 
formation of the railway: ^though such important matters 
were too often overlooked or disregarded in the Hudsonian 
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hurry of railway projects; which, I understand, was the case 

on this occasion. 

THE PRACTICE OP ENGINEERS IN THE ADOPTION OP CURVES 

IN VARIOUS RAILWAYS. 

The practice of engineers differs very widely in the adoption 
of curves, some choosing curves of large radius, at great sacri- 
fices of cost, and others adopting very small ones to avoid ex- 
pensive cuttings, embankments, &c.. 

On the Great Western Railway, " the curves are in general 
very slight, chiefly of 4, 5, and 6 miles radius. Mr. Brunei 
considered that even a mile radius is not desirable, except at 
the entrance of a dep6t, where the speed of the engines is 
always greatly slackened. And, except in these instances, the 
only deviation from this rule, which he has admitted, is in the 
curve, about one-fourth of a mile below one of the inclines, 
where the radius is three-fourths of a mile." — Railway Maga- 
zine^ vol. I., page 418. 

^r. R. Stephenson, in his evidence on the projected Brighton 
Railway in 1836, stated that no curve had a less radius than 
1^ miles, in the line he proposed, which he considered a most 
convenient radius for the high velocities required for passenger 
trains. Mr. Stephenson does not, however, limit the minimum 
curvatures to three-fourths of a mile, if engineering difficulties, 
or other considerations of a sufficiently important character, 
suggest the adoption of curves of smaller radius. 

On the Chester and Birkenhead, Birmingham and Derby, 
Edinburgh and Glasgow, Arbroath and Forfar, and many 
others, the minimum radius adopted for the curves is 1 mile ; 
and the same radius is also the minimum in the Birmingham 
and Gloucester, and the Sheffield and Manchester lines, which 
are curved throughout almost the whole of their lengths. The 
London and Birmingham line, though constructed through a 
very uneven country, has chiefly curves of a radius exceeding 
1 mile; while the Manchester and Leeds line has curves gene- 
rally of three-fourths of a mile radius, with a few considerably 
less. 

A still greater deviation from the minimum limit of one mile 
for the radius of curves, will be found in railways where grea^ 
engineering difficulties were to be encounterec^ especially in 
mineral lines. The Taff Vale Railway, which is a single line,, 
appears from Sir F. Smith's report to have curves of the sub- 
Joined radii and length. 
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Chains radios. Length of corvd. 
7 7 chains. 

10 26 

11 7 

12 18 

15 several curves ... 201 

20 ditto 182 

22 ditto 173 

25 29 

26 37 

28 21 

30 88 

40 85 

60 20 

80 i 120 

These curves were used to avoid the repeated crossing and 
recrossing the river Taff, and to avoid the formation of several 
lofty embankments. The same considerations have led to the 
adoption of curves of similarly small radius in other mineral 
lines. 

Pambour's formula may be successfully adopted to assign a 
proper super-elevation to the exterior rail to counteract the 
centrifugal force, arising from high velocities of trains in curves 
of small radius. This formula, with the results deducible there- 
from, shall be given in the last chapter of this work. 

CARELESS EXPENDITURE IN THE CONSTRUCTION OF RAILWAYS, 
FROM THE NON-ADOPTION OF CURVES, FROM IMPROPERLY 
LAYING OUT GRADIENTS, EXACTIONS OF LAND-OWNERS, &C. 

In addition to the expensive and unnecessary severance of 
property by improperly setting out railway curves, of which 
examples, are given at page 175, similar wasteful expenditure 
has resulted from the non-adoption of curves in numerous in- 
stances. It has been shewn in Frob. XII. that a lateral devia- 
tion may be made in a straight line of railway to avoid build- 
ings or other expensive property, deep cuttings, or other en- 
gineering difficuUies. This precaution, in a vast majority of 
instances, has not been adopted, as may be seen in the construc- 
tion of a great many of the more early railways ; and much un- 
necessary expense has thus been incurred. 

Also, where the geological character of the country through 
which the railway passes, differs considerably, presenting mate- 
rial for excavation throughout the length of the line, varying from 
loose sand to hard rock, and vice versa ; \!at<3Vi^ ^Q^Sa^^^ars^^ 
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materials the faciHtj or difficulty of exca^ration must be especi- 
ally considered in laying out the gradients; larger excavations 
must be adopted in the loose material, and smaller ones in stiff 
clays, hard rocks, &c., than would hare been adopted, had no 
such variety in the strata existed. Considerable economy in 
the construction of a railwcxg will restelt by jttdiciotisli/ taking 
into account all these circumstances. These important subjects, 
in the railway mania of 1845, were by far too little, or not at 
all considered, partly through pressing too much business on a 
few of the chief engineers, by which they were compelled to 
confide these important works to unskilful apprentices and 
other incompetent persons, and partly through the ignorance 

* or wilful negligence of others, who had the audacity to put 
themselves forth, and were accepted by the pubKc as chief en- 
gineers at that time, by which a worse than useless expendi- 
ture of several milMons of the money of the shareholders in 
these projects was incurred, their blunders being now obvioua 
even to illiterate agricultural labourers,' 

In addition to this defective system of engineering, tbe exae-^ 
tions of the landowners, from small proprietors upwards to 
wealthy commoners and noblemen, were enormous, for the lands 
required of them for the works of almost all the early railways* 
The influence of the two latter classes in the legislature bei^ 
so great, and their opposition to the railway-projects, affecting 
their respective lands, was so obstinate, that they had to be 
" bought up" or rather ** gorged,'' as it was termed; which was 
at length accomplished by giving them from ^ve or six to even 
twenty times the value of their lands, according to their influ- 
ence and rapacity, they then, with apparent reluctance, wfth- 
drew their opposition; there were, however, many honouisable 
exceptions to this system of peculaticm. It is well known tiiot 
there was a convenient ^' ffudsonian method^' of stopping the 
mouths of the leading sharks by cramming them with railway- 
shares till they said *^ enough,** These transactions did not 
therefore appear on paper, so as to be legally otgectionable? and, 
Anally to settle the matter, almost all the ^arlyradlwafy accounts 

I were fabricated more or less, in. the ^' Hudeoman sti^y* in- 
cluding dividends to shareholders of at least 10 per eent.^ so 
that shares in the leading lines, by the compound effect of en>- 
gineering mismanagement and extortion, have now fallen, almost 
without exception, behw par; whereas, had proper man^^ement 
and honesty been adopted, in conjunction with the present uoex* 
pected increase of railway-traf&c, there is little doubt that even 
higher dividends than those first ptomised, and in some eases. 
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for a short time, obtained, would now be realised by the siiare* 
holders in many of the leading lines* 

BEMABKS ON THE INVBNTION OF THE METHODS OF LAYING 
OUT RAILWAY CURVES ON THE GROUND, 

No less than twelve gentlemen, in the course of the last 
five years, have published on the subject of laying out railway 
curves; their methods, at least the practical ones, being essen- 
tially the same as the four methods which I invented 30 years 
ago, and which were first puliUshed in the Gentleman^s Diary ^ a 
second time in the Ninth Edition of Nesting Surveying^ thirdly 
in Baker^s Railway Engineering, fourthly and fifthly in the FirH 
and Second Editions of this work. These methods have been 
generally adopted in practice by engineers up to the present time, 
as being applicable to all cases that can occur, and obviously as 
well adapted to practical use as the nature of the subject will 
admit, and consequently not likely to be superseded by any 
methods that have, or will be proposed, I, therefore, think it 
right to claim the invention of these methods. My attention 
was drawn to this subject at the time of the laying out of the 
first portion of the Stockton and Darlington Kailway, and being 
then myself a land surveyor, accustomed to mathematical in- 
vestigations, and residing near the railway in question, as well 
as acquainted with some of the surveyors and other gentlemen 
connected therewith, I communicated three of my methods 
which are given in Problems II. to V., to them; some of whom 
were afterwards surveyors on the Liverpool and Manchester 
Railway and various others that were afterwards projected. 
These methods were at the same time communicated to several 
of my mathematical friends, some of whom are still living; 
among whom was Professor Leybourn, of the Royal Military 
College, Sandhurst, to whom I sent them, with other matter 
referring to the same subject, in 1824, for insertion in the 
Gentleman's Diary, to which, it may be seen, I had previously 
contributed for some years. But on account of the length of 
the subject, the small space that would be allotted to ma- 
thematical papers in the Gentleman's Diary, and the very 
little public notice then directed to railways, my paper did not 
appear for some years; and, as I did not then anticipate that 
railways would ever assume such general importance as they 
now do, I paid less attention to my paper on this subject than 
it now appears to deserve. Besides, at the same time I ob- 
tained the prizes for answering the prize questions in the 
Gentkman^s Diary ai^ the Gendeman's Mat^ematAAaV Cwr.- 
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pamofiy m the same year (1824), I was consequently induced 
by my friends to make preparation to enter myself, as a student 
of St, John's College, Cambridge. I, therefore, neglected the 
subject of railway curves till 1834, when I saw Professor Ley- 
bourn, who, on account of the then rising importance of rail- 
ways, promised, at his earliest convenience, to insert my paper 
on curves, with improvements and additions, which I then gave 
him, either in the Gentleman's Diary or his Mathematical 
Repository: although Professor Leyboum was among those 
that then held opinions extremely hostile to the general adop- 
tion of railways, as Utopian schemes that would disappoint or 
ruin their projectors, and declared his willingness to insert 
any other of my mathematical productions, in preference to the 
paper in question. He was, however, acquainted with some of 
the leading railway engineers, and on his reconmiendatioii and 
that of Dr. Gregory, of the Royal Military Academy, Wool- 
wich, I became from that time, wholly connected with railway 
surveys under various engineers, and parish surveys under the 
Tithe Commissioners for first class maps See pages 58 to 61, 
where I have given the chief lines of construction of several 
parish maps, including those recommended by the Tithe Com- 
missioners. 

Professor Leybourn, having satisfied the claims of his other 
•contributors, at length inserted my four methods of laying out 
railway curves, in November, 1837, in the Crentleman's Diary 
for the following year; however, through some inadvertency, 
the original paper was not accompanied by the improvements 
and additions, above referred to. Besides, it is here proper to 
add that I communicated these four methods to at least fifty 
gentlemen, previous to their publication. 

The gentlemen that have published on this subject, after the 
publication of my paper, are Eankine, Heald, Castle, Law, 
Huntingdon, Hill, Gardner, May, Darbyshire, Charlton, 
Broadie, Kennedy, and Hackwood. Mr. Kankine's method has 
the best claims to originality; it is, however, only a modifica* 
tion of my method, given in Prob. IV., and possesses, moreover, 
the defect of my method given in Prob. 11., (see Note, page 
169). One of these authors recommends three of my methods, 
suggesting what he calls ^^improvements'' on my method 
Prob. II. by means of tedious formulas to calculate minuti® 
hardly appreciable in any curve that occurs in practice: he 
also recommends the ofisets to be laid ofi* radially from the tan- 
gent to the curve, which would require the centre of the curve 
to be found, which is well known to be impracticable in most 
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cases, and in all cases unnecessary. Another of these authors 
recommends what he calls the method hj *' curve frames," 
which is theoretically little different from my method in Prob. II., 
and has the same defect; to remedy which, he devotes five or 
six pages of his work to geometrical methods of making the 
defective curves fit one another by introducing new tangents, 
these methods being chiefly impracticable on the ground, and 
consequently of no use. Several of these gentlemen give tables 
of offsets, extended over from 20 to 50 pages, the use of which 
are at once supplied by a table of one page at the end of this 
work; while others give a variety of complex formulas for cal- 
culating the offsets, which will be anything but acceptable to 
those who have been accustomed to lay out railway curves by 
my methods. 

Almost all these authors have published one or more of my 
methods, without acknowledging from whence they obtained 
them, excepting what two or three of them have taken from 
Mr. Hankine, Isolated methods have been published by others 
on the same subject in periodicals, but these are either copies, or 
slight variations of my methods, or such as are not conveniently 
practicable. 

As exceptions to the rule adopted by the gentlemen above 
referred to, two highly talented gentlemen, Professors Tate and 
Young, have duly acknowledged me as the inventor of these 
methods, the former in his Geometry^ and the latter in his 
Mensuration, Mr. Ryde, in his very able " Text Book for 
Architects^ Engineers, 4*^,," has transcribed several parts of the 
following chapters of this work, which he has acknowledged in 
a very complimentary manner; but on the subject of laying out 
railway curves he has, I think inadvertently, ascribed three of 
my methods to Mr. Law, adopting what that gentlemen calls 
" improvements " on my method in Prob. II., also his other 
^^improvement of laying out the offsets radially ^^ on my 
method in Prob. III., which " improvements " have been al- 
ready noticed. 

I have now briefly given a kind of history of my invention of 
the methods of laying out railway curves on the ground, in 
which I anticipated by more than twenty years aU that has since 
been done by other authors, at least as far as real practical 
utility is concerned. These methods, in conjunction with the 
contents of the following chapters, constitute a complete and 
fundamental system of laying out railways, a system second in 
utility to none of the inventions of modern times; and which 
has been long fully adopted in i^iacXvyi, \3s»& \iRsv».^ "^^^ "v^^ 
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successiTo publication, all of which, have been well received by 
the public 

T. Bakeb. 



CHAPTER DX 

ON SETTING OUT THE SURFACE WIDTHS OP 

RAILWAYS. 

After the centre of a railway has been marked out, as directed 
in Chap. II., the line must again be carefully leyelled^ and the 
stumps that mark the line must be numbered and entered con- 
secutively in the level book in a vertical column, with the cor- 
responding depths of cuttings or emba&kments in a second 
column (see Level Book, p. 187); these depths are estimated 
from the formation level, which is commonly about 2 feet below 
the intended line of the rails ; the 2 feet are afterwards to be 
filled up with gravel to form the permanent way. 

The line is now prepared for setting out the surface widths , 
the simplest case of which is when the surface of the ground is 
level as well as coincident with the formation level of the in- 
tended railway. In this case it is only required to set out half 
the width of the formation level on each side of the centre stump, 
perpendicular to the direction of the railway, adding to each 
half width the intended width of the side fence, and putting 
down stumps to mark the half widths and breadths of the 
fences. — When the surface of the ground is above or below the 
formation level, which is commonly the case, the widths must 
be set out by the following Problems : — 

Problem I. 

To set out the vndth of a railway cutting^ when the surface of 
the ground is laterally level, and at a given height above ^ 
formation levels the ratio of the slopes* being given. 

In the annexed cross section of the cutting, R S is the 
horizontal surface of the ground; AB the formation level; 

* The ratio of the slopes is the proportion that the batter C a bears to the 

depth A a. When this ratio is as 1 to 1, C a = Aa; when it is as 1§ to 1, 

Ca = 1^ times A a. This ratio varies according to the nature of the material 

through which the cutting is made, being less in rocky or clayey ground, and 

greater in soft or aandy ground. 



CUTTING AND EMBANKING. 183 

AC, BD the side slopes; M the middle stuiD^, and Mm = 

Aa = £ 6 the perpendicular depth 

of the cutting. Multiply the depth b c « m: ^ x> 8 

M m by the ratio of the slopes, to 

which add the half width A m or 

a M, the sum is half the surface A -w* B 

width of be set out from M to C ; 

after which set out H C for the width of the fence. The same 

operation must be repeated on the other side of M. 



EXAMPLE. 



Let the width of the formation level AB = 33 feet, the depth 
M;» of the cutting 30, the ratio of the slopes as 1^ to 1, and the 
width of the side fences each 6 feet; required the width of the 
cuttiDg, and the width of land included by the fences. 

30 X li+ V = 45 + 16^ = ei^feet = MC = MD = ^ width 
of cutting; and 61^ + 6 = 67^ = MR = MS = i width of land- 

The double of this is the whole width. 

Construction of the cross section. Draw A B = width of 
formation level = 33 feet ; perpendicular to A B, at its middle 
point »j, draw Mm = given depth = 30 feet; through M parallel 
to AB draw CD, making CM, MD each = ^ AB -r 1^ x Mm; 
join AC, BD; then ABDC is the cross section required. 

Note 1. The numbers in the column, marked << computed half-width%"in the 
level book are found by this Problem. 

Note 2. If the figure ABDC be inverted, It will represent the cross section of 
an embankment; for setting out the width of which the same method obviously 
applies, as that just given for a cutting. 

Note 3i Let » = AB = breadth of the formation level, d = Mm = depth of 
cutting or embankment, and r = ratio of the slopes. Then l:r::d:dr=: aC; 
hencec?r + -^a>=MC = MD; 2(rfr + •^«) = 2rfr + a» = C D = smface 
width of cutting or embankment; and ^(AB + CD)XM»i = (dr + «)d 
= area of the cross section. 

Problem II. 

The sajne things being given as in the last Problem^ to set out 
the width of the cutting^ when the ground is laterally slopingy the 
lateral fall of the ground in a given horizontal distance being 
also given. 

Let C D be the sloping surface of the ground, ABDC the 
cross section of the cutting, and p D^ a horizontal line passing 
through the centre stump, M, M D' being the computed half 
width of the cutting. — Fix the levelling instrument so that by 
turning the telescope 2, 3 or more eihsAa^ ^ ^Jas^\fiDL'^TaK:\\sfc 
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seen, on both sides of it; set up a levelling staff at M, and an- 
other at q^ not exceeding a chain's distance from M, observing 

the level readings 
on both staves, the 
difference of which 
is equal to pq^ mea- 
sure the sloping and 
^ horizontal distances 

M^, Mp with a tape 
line in feet. Then 
A 1T&B take the computed 

half width MIX, 
(found by the last Problem) and multiply it by M q^ reserving 
the product ; multiply the difference of the stave readings p q 
by the ratio of the slopes, add and subtract the product to and 
from the horizontal distance M p, reserving the sum and differ- 
ence; lastly, the reserved product, being divided by the reserved 
sum, will give the corrected half width M C, and by the re- 
served difference the corrected half width M D. 

[example. 
The depth of the cutting at M is 22 feet, the bottom width 
A B = 36, the sloping distance M ^ = 25, the level distance 
Mp = 24, the difference of the readings of the staves pq = 7 
feet, and the ratio of the slopes as 1^ to 1. What are the cor- 
rected half widths M C and M D ? 

22 X li + V = 33 -f. 18 = 51 feet = computed half width. 

25 



24 



1275 reseijved product. 



7 X H = ^ 

reserved sum = 34^) 1275 (36-95 feet = cor. ^ width M C. 

reserved diff. = 13^) 1275 (94-44 feet = cor. ^ width M D. 

Construction of the cross section, — ^Draw B D' M »i, as in 
Prob. L; lay off the given horizontal distance Mp = 24 feet; 
draw p q parallel to M w, and equal to the difference of the 
stave readings at M and q ; through M, q draw C D, meeting 
A C in C and B D' prolonged in D ; then A B D C is the re- 
quired cross section* 

Note 1, The following general formula for the values of MC, MD, is easily 
remembered, and would perhaps he preferred to the rule, as given abovfl^ by 
thoae Who are /iccostomed to the use of symbols. 
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W 8 



Corrected 4 width = -r-r- — •, . 

The positive sign is used for MC, and the negative for MD; Miy being = a/, 
pq=: h, M.q = 8, "iJLp = ^ and the ratio of the slopes as r : 1. The in- 
vestigation of this formula is given in Baker^s RaUway Engineering, page 35, 
wherein, when h is very small, a may be taken =s / without error. 

Note 2. If the figura A B D C be inverted, it will obviously represent the 
oross section of an embankment of like dimensions, the longer distance, in this 
case, being measured down, and the shorter up the slope. 

Problem III. 

The same things being given, as in Prob. II., to set out the 
width, when it consists partly cf a cutting and partly of an em- 
bankment. 

In the annexed figure B D P C A is the cross section of the 
works of a railway, consisting of the cutting B P D and the 
embankment A P C ; A B 

is the formation level, M ^^ 

the central stump, and D C .^y^D^ 

the sloping surface of the ^y^V 

ground. When the cutting Mv^^^-y^' 

B P D extends over more ''SSiC--— ^ 

than hal f the formation level A^j^^^^ ^ 

A B, the corrected half "Kt"^^ 
width M D' is found as in 
Prob. II. But to find the 

other corrected half width MC, passing under the embankment 
AP C, proceed as follows. Multiply MD by the difference of 
the width of the formation level A B and the estimated half 
width MD', and divide the product by MD', and the result will 
be corrected half width M C. 

EXAMPLE. 

Let the bottom width AB == 36 feet, the depth Mm == 4 feet, 
the ratio of the slopes as 2 : 1, and the difference of level 
readings 7 feet at 25 and 24 feet from the central stump, re- 
spectively estimated on the slope and horizontally; required the 
corrected half width M D, M C. 

36 
By Prob. L... 4 x 2 + ~ = 26 feet = estimated \ width MD'. 

By Prob. II. . ^ = 65 feet = corrected \ width M D. 

By Prob. m. ^^^?e~^^^ = 25 ft. = cotteatai^^irAfe.'^.^. 
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Construction of the cross section, — Proceed as in Problem U., 
excepting that A C must here be drawn parallel to B D. 

NoTB 1. Tbe fbrmnlft for findioj; the c<»rected half-width^ whccd there ii 
both a cutting and an enbankment is 

l'^ ra 

wherein « is the width of formation level, and the other sjmbob the same sa 
in Note 1, Prob. II. See Bdker'9 Eaihoay Engineering. 

NoTB 2. To find the distance from M to P» where the cutting and embank< 
ment meet, use the following proportion ; 

aa pqi^lqi: Mm:MP, 

25X4 



that is, 7 : 25 :: 4 



= 14-28 feet = MP. 



ds 



or the formula -r- = M P. 

Note 3. When the sloping surface of the cutting passes through the middls 
point of the formation level, that is, when the points M, flB^ and P, coincidft; 
then w' = } 0), and the formula in Note 1, becomes 

In this case the cutting and embankment are equal. 

Note 4. .By inverting the cross section of this Problem, it will at once be 
seen that a like calculation will be required, in the case of APC being a cutting^ 
and B P D an embankment. 

Problem IV. 

To find the surface width of a cutting where the ground is 
very uneven. 

The annexed figure is a 
cross section of a cutting, 
wherein the surface CMD of 
the ground is very uneven. 
The method of sdVing this 
Pi*oblem is by approximaticH]^ 
and will be best shown by an 
example in numbers. 
Let AB = 36 feet, M^i = 32, and the ratio of the slopes as 
2 : 1; then MC = MD' = 32 x 2 + ^ X 36 = 82 feet; lay 
off this distance horizontally from M to cf ; then d is direcdy 
above D^. Observe the difference of level readings at M and d^ 
which in this case is 9 feet; which being multiplied by the 
ratio of the slopes, that is by 2, gives 18 feet = approximate dis- 
tance D d; whence MD = Mc? + JD = 82 + 18 = 100 feet 
Again, place a level staff at D, and tbe Teadin^ wUl be found to 




A«» 
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be 9.7 feet greater than that at M, or 9'7— 9 = 0*7 feet greater 
than at d; therefore the place of the point D requires further 
correction, which is thus effected; 0*7 X 2 s=s 1*4 feci = second 
correction; whence MD = 100 + 1*4 = 101 '4 feet; which, as 
the latter correction is small, may be safely assumed to be the 
true distance of D from M^ or the horizontal distance M q» The 
method of finding the other corrected half width MC = horizontal 
distance Mc, is the same as thai just give&^ excepting that the 
repeated corrections are subtracted from the computed i width 
instead of being added thereto. In this manner the horizontal 
distance of C from M is found to be 61*8 feet. 

Construction of the cross section. — Draw A B ly (7, as in the 
preceding Problems; on C M ly, as a datum line lay off the re- 
duced levels of the several undulations of the surface C M ^D 
of the ground; (see Chap. L, p. 148,) then AB D C is the sec- 
tion required. 

Note 1. When the differences of the levels at M, J and D are very great, It 
will require three, four, or more approximations, similar to those jost given, to 
each of the corrected half widths. 

Note 2. This cross section may be inverted for an embankment, as in the 
preceding Problems. 

LEVEL boos:. 

A level book of the following form is used in setting oat the 
cuttings and embankments of railways. 



No. of 
Stumps. 


Depths of 
Cuttings 

or 
Embank- 
ments. 


Computed 

Half 
Widths. 


Corrected Half Widths 
to Edge of Cuttings of 
Foot of Embankment. 


Whole 

Widths 

including 

Fences, 

each 6 feet 

in Width. 


North. 


South. 


tb riS3 

1 il84 

S (185 

i^ (186 

5 1 i 187 

1^ (188 


feet. 
28-00 

4-00 
30-60 

2*16 
16-08 
2000 


feet. 

5700 

21-00 

60-90 

18-24 

39-12 

3000 


feet. 

61-80 

22-63 

64-77 

1800 

40-68 

36-16 


feet. 
101-40 
48-37 
71-32 
1^44 
58-24 
4800 


feet. 

175-ao 
sa-oo 

^ 148 09 

4^44 

110-92 

96-16 



Note. The depths in the second column, are found by calcnlation. (See 
Levelling, p. 154,) or by careful measurement from the sections; bnt the latter 
method is the less correet ef the two. The computed half widths, in tb« 3rd 
column, ace found by Prob. L ; the corrected half widths, in the 4th and 5th 
column, by Probs. II., IIL, and IV. , and the widths in the last column are the 
sums of these in the 4th and 5th plu8 the breadths of the two side teca» «C 
the railway. 
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Problem V. 

To calculate the quantity of land for a projected railway. 

In preparing the estimates for a projected railway, the required 
quantity of land is commonly found, without respect to the 
lateral sloping of the surface of the ground, by taking con- 
siderable lengths of regularly rising or falling ground, in one 
calculation, the depths of the ends of such lengths being mea- 
sured for the purpose with the vertical scale. 

KuLE. — Find the surface widths, fences included, from the 
given depths, at each end of the given length, by.Prob. I.; 
multiply their sum by the length in chains, and divide the pro- 
duct by 1320 for the product in acres. 

EXAMPLE. 

Let the length be 16 chains, the depth of the cross sections 
at the ends 18 and 58 feet, the width of the formation level 
36 feet, the ratio of the slopes as 2 to 1, and the width of the 
fences 6 feet each; required the area of the surface. 

By Prob. I. 

36 + 18 X 4 -f 6 X 2 = 120 = width of one end, 
38 + 58 X 4 -f 6 X 2 = 280 = width of the other. 



400 = sum of widths. 
16 



132-0)640-0 



The content = 4-84848 = 4a. 3r. 61;?. 

Or, by putting » and « = computed \ widths of cuttings, as 
found by Prob. I., I = length, and / = breadth of one of the 
fences, there will result, 

("'+i>" + 2/)X/ ^ ( 54 + 134 + 12) X 16 _ 

660 *= 660 =4 84848 acres, as above. 

Problem VI. 

To find the exact quantity of land for a railway. 

Bule. — Take the widths, at the end of every chain, from the 
last column of the level book; add continually together the fost 
and last widths, with twice the sum of all the intermediate widths, 
and divide the result by 1320 for the conleiit in ^cxoo* 
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EXAMPLE. 

Required the content corresponding to the several widths, in 
the preceding level hook. 

83-00 
148-09 

49-44 
110-92 

391-45 
2 

782-90 = twice sum of intermediate widths, 
175-20 = first width, 
96-16 = last width. 



ri2 



1220 ^n-o 



1054-26 
87-855 



•79868 = Oa. 3r. 8p. the content. 

Note. It is usual in practice to find the contents of the ground required 
for the works of a railway from the several proprietors, by measurement from 
the two-chain plan, prepared for the use of the contractors. Copies are also 
taken from the plan, showing the positions and extents of ground required from 
the several proprietors for the works of the railway. 



CHAPTER IV. 

TUNNELLING. 

1. When the depth of a railway cutting reaches 60 feet, and 
the ground afterwards rises rapidly for a considerable distance, 
the further progress of the works of the line will be the most 
economically conducted by making a tunnel : previous to the 
setting out the earthwork of which, the ground, under which it 
passes, must be again levelled with great care ; and, if the 
tunnel pass beneath a very high summit, the levelling operation 
must be checked by the method given in Chap. I., p. 156: for, 
if jthere be the most trifling inaccuracy in the section, the gra- 
dient or gradients, on which the tunnel is proposed to be formed, 
will not meet at the points shewn on the section, thus greatly 
embarrassing the mining operation. See the tunnel, Plate IIL 

2. If the tunnel be formed on a a\T\"\e a\.T^\^\. ^^^^^x^*^^ 
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gradient must be so arranged as to incline to one of its ex- 
tremities; that thus the water, generated in the tunnel, may be 
discharged. Strong straight poles must be firmly and perpen- 
dicularly fixed on the surface of the ground, in the proposed 
direction of the tunnel, one of which must be at the sunmiit, 
from whence the direction of both ends of the tunnel may be 
observed, that the shafts from the surface to the tunnel may be 
sunk in the true direction. The shafts are usually sunk at the 
distance of four or five chains from one another, for the purpose 
of ventilating the tunnel, as well as for drawing the earth, &c. 
out of it, and for checking the accuracy of the work, during the 
mining operation, the depths of the shafts 'being determined by 
measurement from the section. 

3. If the tunnel be a long one, and in springy ground, it 
would be advisable, if convenient, to form it upon two gradients, 
inclining to the extremities of the tunnel, as this arrangement 
would contribute much to the liberation of the water, during the 
mining operation, which is usually commenced at both ends of 
the tunnel at the same time, — ^but, if the work of the tunnel be 
required to be also commenced at the bottom of the shafts, as 
soon as they are sunk, which is sometimes the case, the generated 
•water must be drawn from the shafts, or a head* way must be 
driven &om the extremities of the tunnel to the shafts to take 
off the water. — ^A head- way being only 5 feet in h^ht and 3 
in width, may be more readily formed than the more extensive 
works of a tunnel, and will be found the most efficient method 
of draining a tunnel in a wet or springy ground, and thus greatly 
facilitate the mining operation. 

4. When the tunnel is required to have a curve, through 
a part or the whole of its direction, the curve must be carefully 
laid out on the surface of the ground, by one or other of the 
methods given in Chap. TL, proper allowances being made for 
acclivities and declivities, and strong poles being fixed in the 
whole direction of the tunnel, as pointed out in Art. (2.), that 
the shafts may be sunk so as accurately to meet the works of 
the tunnel below, that their true direction may be secured, this 
will be more especially necessary where the tunnel is curved, 
though curves ought, if convenient, to be avoided in tunnels, as 
accidents, attributable to curves, are more dangerous in tunnels, 
there being less chance for escape, while assistance cannot be so 
efficiently given in such secluded situations. 

5. If the mining operations of the tunnel be required to com- 
mence at the bottoms of the shafts, before the head-ways have 

been driven to them from the ends oi it» the angle that the 
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magnetic meredian makes with the direction of the tunnel mast 
be carefully observed at the top of each shaft, with a miner's 
compass, (a kind of circumferentor,) that the proper direction of 
the work may be set out with the same instrument at the bot- 
tom of the shaft: but, if the tunnel be curved, the direction oi 
the tangent to the curve at the top of each shaft must be ob- 
served, that the same direction may be given to it at the bottom 
of the shaft, and that from thence the curve may be laid out in 
the tunnel, in the same direction as it was on the surface of the 
ground; it would be also advisable to bore from the surface to 
the tunnel, before the works thereof have proceeded far, to test 
their accuracy, as ferruginous matter in the earth might cause 
the magnetic needle to deviate, and thus give a wrong direction 
to the works, if this precaution be not ti^en. 

6. The excavations of a tunnel on the narrow gauge should 
be about 30 feet in depth and width, the depth extending 5 or 6 
feet below the intended line of the rails, to give room for the 
inverted arch and the ballasting: but when the tunnel is made 
through rock sufficiently hard to form the side walls, its height 
need not exceed 22 or 25 feet, and its width 26 feet, the exca- 
vation in this case extending only to the formation leveL For 
the railways on the broad guage the excavations of the tunnel 
must be proportionably larger. 

The cross- section of the masonry of 
tunnel is shown in the annexed figure, 
with the ballasting on which the rails 
are laid« This cross-section is such as 
is ^required where the excavation of the 
tunnel is made through loose earth, the 
arch above being only requisite when 
made through hard rock. — The follow- 
ing notes on the construction of tunnels, 
are chiefly extracted from Dempsei/^s 
Practical Raihoay Engineering. 

Note 1. Like mining and all other subterranean operations, the constmc- 
tion of a tunnel can be but little aided by mechanical appliances; it chiefly 
requires hard manual labour, exercised under circumstances which do not ad- 
mit of that thorough superintendance which promotes economy, and, moreover, 
liable to unforeseen interruptions, of surmounting which neither the manner nor 
the expense can be predetermined. Thus the Kilsby tunnel, on the North 
Western Railway, was estimated to cost £40. per yard lineal ; whereas the 
actual cost was £130 per yard, owing to its intersecting a quicksand that had 
escaped the trial borings. Thus a vast expense was incurred in setting uj) and 
working pumping machinery to dry the sand. The Box tunnel on the Great 
Western Railway, excavated through oolite rock, and lined with masonry otd^ 
through a portion of its length, cost upwards oi £\QQ.^«tYffikfta5L-5«x^« "Vqr^ 
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length of this tannel is 3123 yards, or upwards of If mfles; it has eleven prin- 
cipal shafts, and four intermediate ones. The Bletchiogly and Saltwood 
tunnels in the South Eastern Railway, cost respectively £72. and JC118. per 
lineal yard, the greater cost of the latter work arising from the great body of 
water in the sand which it intersects. — The method of proceeding with 
tunnelling depends mainly upon the kind of material to be excavated. This 
having been generally ascertained by boring and trial shafts, which must be 
sufficiently capacious to admit readily of lowering men and materials, raising 
materials excavtfted, fixing pumps, and also for starting the headway of the 
intended tunnel, when the required depth is reached. 

NcyTE 2. The working shafts are made from 8 to 10 feet internal diameter. 
They are of brick work, usually 9 inches thick, and carried up 8 or 10 feet 
above the surface of the ground. These, and all other shafts, rest upon curbs 
of cast iron, fitted into the crown of the tunnel, and forming a level base fbr 
the shaft. The air shafts are of a smaller thickness and diameter, the latter of 
which is usually about 3 feet — The number of working shafts will depend 
chiefly on the rate of speed with which the work is required to be accomplished. 
With plenty of men, horses, material, and plant, the work is much facilitated 
by sinking extra shafts, which will usually repay their cost. 

Note 3. The Watford tunnel, 75 chains in length, on the North Western 
Railway, was worked with six shafts, about 8 feet internal diameter; the brick 
work was moulded to fit the circumference of the shafts, and laid in two half- 
brick rings. Air shafts were sunk at about 2^ chains distance on each side of 
each working shaft. The arch and side of the tunnel were chiefly made two 
bricks thick, and the invert one and a half brick, except where the stratum, 
passed through, seemed to suggest an increased or diminished thickness. The 
form of the top of the tunnel is nearly semi- circular, supported by curved side 
walls standing on stone footings, or skew backs, which rest on the invert. 

Note 4. In commencing the work of the Saltwood tunnel, referred to in 
Note 1., great difficulty was encountered from the great quantity of water in 
the green sand, which the tunnel intersects. The course adopted was to make 
a headway 5 feet high and 4 wide quite through the hill, on a level ^vith the 
bottom of the tunnel, in which the water was collected and drained off before 
the tunnel was begun. The size of this, and also the Bletchingley tunnel, is 
24 feet wide at the broadest part, 30 feet including the side walls; 25 feet high 
in the dear, 30 feet including the invert and top arch, and 21 ^t above the 
level of the rails. The brick work of the top arch and walls varies from 2^ to 
4 bricks in thickness; and the invert is 3 bricks in thickness. 

Note 5. The section of the Box tunnel, already referred to, was designed to 
be 27-^ feet wide at the springing of the invert, and 30 feet wide at a height of 
7^ feet above this, and the clear height above the rails 25 feet. As a great 
portion of the tunnel is constructed by mere excavation, and without masonry, 
these dimensions are, in some cases, departed from, in order to dear away loose 
portions of the stone, and secure solid surfaces. Where brick work is used, the 
sides are seven half brick rings in thickness, the arch six, and the invert four. 
During the construction, the constant flow of water into the works, from the 
numerous fissures of the rock, compelled pumping on a most expensive scale to 
be adopted. 

Note 6. When much water issues fi-om the earth, in sinking shafts cr build- 
ing tunnels, the back of the wall should be well lined with puddle, and Roman 
cement should be used instead of mortar. The entire tunnel at Kilsby was 
built with Roman cement, the thickness of the briek-work being mostly 27 
incbes. This funnel is 2423 yards long : it has two ventilating £afts CO feet 



CONTENTS OF CUTTINGS, &C. 193 

in diameter; the brick- work of which is 3 feet thick, and laid in Roman cement 
throughout: these shafts intersect the line of the tunnel, and form curved 
recesses, by part of their width extending beyond the tunnel on both sides. 



CHAPTER V. 

THE METHODS OF FINDING THE CONTENTS OF 

RAILWAY CUTTINGS, &c. 

In making the estimates for a projected railway, the contents 
of the several cuttings, embankments, &c., are in most cases 
found by tables, calculated for the purpose, the surface of the 
ground being considered as on the same level as the centre of 
the line. But when the projectors of the line have been em- 
powered to construct it, cross sections of the cuttings are care- 
fully taken, at every variation of the surface of the ground, 
especially if the surface be sidelaying, or inclined laterally with 
respect to the direction of the line, as in the cross sections in 
Problems II., IIL, and IV., Chap. III. The distance of these 
cross sections may vary from 10 or 12 chains to less than I 
chain, according to the regularity or irregularity of the slopes 
of the surface. These cross sections must next be plotted on a 
large scale, as in the problems just referred to, and their areas 
found by any of the methods given in Chap. IIL, preparatory 
to finding the contents of the cuttings by tables; but if the 
surface lines of any of the cross sections be level, or so nearly 
so as to be readily reduceable to a level surface line by casting, 
their areas need not be found, their depth only being required 
ior finding the contents by the tables. 

Note. Some take a mean of the areas of every two consecutive cross sections, 
and others a mean of the depths, where the surface line is level, as a hasis for 
calculating the contents of the cuttings, which methods are both erroneous, espe* 
cial/f/ where the consecutive areas or depths of the cross section differ coiy- 
siderahly. 

TABLES FOB FINDING THE CONTENTS OF RAILTVAT 

CUTTINGS, &C. 

Numerous tables exist for this purpose, some of which are 
voluminous; those by M'Neill, Bidder, Huntingdon, Hughes, 
Bashforth, Sibley, and Rutherford, Law and Lowe, are well 
adapted for the purpose, assuming the surface line of the cross 
sections to be level, or to be reduced to that position; but none 
of these tables will properly apply to sectional areas, which is the 
most important part of their use, excepting Bashforth's; but his 
method of Rising them is erroneottSf the error approximating to 
50 per centf as a maximum. I would tket^Cot^ -^^^^c^^^&ss^^^^A^^^^ 
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this purpose, the General Earthwork TaWe,* in conjanction with 
Tioo Auxiliary Tables^ on the same sheet in Baker^s Engineer^ 
ing, as being applicable to all varieties of ratio of slopes and 
widths of formation level in common use; and with the help of 
Barlatv^s Tables of Square RootSy these tables will apply to sec- 
tional areas, with all the mathematical accuracy that can be at- 
tained, with very little more calculation than adding the contents 
between every two cross sections, as given by the General Table. 
— The contents in the General Table are calculated to the nearest 
unit, as are also those in the Auxiliary Table, No. 2> which is for 
the decimals of feet in the depths. The Auxiliary Table, No. 1, 
shows the depths of the meeting of the side slopes below the 
formation level, with the number of cubic yards to.be subtracted 
from the contents of the General Table for each chain in length, 
for eight of the most common varieties of ratio of slope. 

Note 1. These Tables, with very little additional calculation, may be ex- 
tenuea to every varietjr of formation level and ratio of slopes that can occur, 
and even to cases where that ratio differs in the two sides of the same 
catting, as shall be shewn in the following Problems. 

Note. 2. The investigations of the method of forming these tables and using 
them are given in Baker's Railway Engineering^ also farther investigations are 
given at the end of the following Problems, respecting Mr, BaahforiVs 
Erroneous Methods of Cakulating Earthioork* 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 

Let A'B'DCeabdyhe& railway 

Q cutting, of which ABDC, abdc 

•, are the cross sections, AB=a^= 

\^ width of formation level, M M', m m* 

/ \^^ the middle depths of the two cross- 

""V/ sections; the side-slopes A C, B D„ 

gU /— — """"jSW^/ ^^> ^^9 when prolonged two and 

l^'iv— " ^iT/ two, will intersect at N and ru at 

Vl y which points the prolongations of 

» ^ M M', m rd will also meet, thus con- 

stituting a prism A B N ti a d, the 
content of which is to be deducted from the whole content, given 
by the General table, by means of the table No 1.; in which 
the depth Wl^-=zrdn is also given, as already stated,, to several 
varieties of slope and bottom width. 

* The numbers for the side slopes, forming the alternate lines in Bidaer$ 

Table, will supply the place of the General Table, and the formula Prob. III., 

page 199 gives the cubic yards to be deducted for each chain in length, the 

qaantitles for the decimals in the depths, as ftho^^m by Table No. 2, may b« 

aau'ited by taking the nearest whole numbers la t\iQ de^O:^^. 
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To place this subject in a more practical point of view, let 
the annexed figure represent a longitudinal and vertical section 
of a cutting, passing through the middle A E of the formation 
level. H I, the line of the rails, and a h, the line in which the 
slopes if prolonged, would 
meet. It will be seen that 
the cutting AbcdE com- 
mences and runs out on the 
formation level A E, and 
that the depth A a = B 
= CJ = &c. is to be added 
to the several depths B b 
Ccy'D d of the cutting, the 
first and last depth at A and 
E being each = 0; or, what 
amounts to the same thing 

the several depths must be measured from the line a h: thus, 
A a, be, eg, &c. are the depths to be used. And since the depth 
A a is given in Table No. 1, for all the most common cases, or 
it may be readily found by calculation for all cases, as shall 
hereafter be shown, the line corresponding to ah must, there- 
fore, be ruled on the rail way 'Section, at the proper distance 
below A E, from which the several depths must be measured; 
or the vertical scale may be marked with Indian ink (which 
may be readily rubbed off) at the same distance, and this mark 
may then be applied to the formation level A E, for the purpose 
of measuring the several depths. — In the case of an embank- 
ment, the line for the several, depths must be placed at a like 
distance above the formation level. 

Problem L 
The several depths of a railway/ cutting to the meeting of the 
side slopes, its witdh of formation level, and the ratio of the 
slopes being given, to find the content oj the cutting in cubic 
yards, from the Tables referred to, the distances of the depths 
being one chain each, 

BuLE. — Take the several quantities corresponding to every 
two succeeding depths of a cutting or embankment, measured 
to the meeting of the side slopesj at the distance of 1 chain each, 
from the General Table in Baker^s Railway Engineering and 
multiply their sum by the ratio of the slopes; from the product 
subtract the cubic yards corre"feponding to the given bottom 
width and ratio of slopes from Table No. 1., multiplied by the 
whole length of the cutting, and t\i^ Tem^vcA^^^ ^^s^f^Xsi^ "^s^rw 
content of the cutting in cubic yards. 



Distin 
chains. 




1-00 
2-00 
3-00 
4-00 



Depths 
In feet. 



10 
33 
39 
35 
10 



Qnts. per 
G. Table. 



1238 
3175 
3350 
1365 



For slope 1 to 1 . 9128 

o 



Subtract 

275 
Content 

cubic 



-2 to 1. 18256 
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But when the distances of the depths are greater or less than 
1 chain, the quantities of the General Tahle must be multiplied 
by their respective distances. — ^And, when the distances are 
given in feet, the quantities must be multiplied by those dis- 
tances, and the final result divided by 66 for the content in 
cubic yards, as in the following examples. 

EXAMPLES. 

1. Let the depth of the railway cutting or embankment to 

the meeting of the side slopes, at the end of every chain, be as in 

the following table, the bottom width 30 

feet, and the ratio of the slopes as 2 to 

1 ; required the content in cubic yards. 

Note. In the annexed table the quantity 1238, 
corresponds to the depths 10 and 33 feet, in the 
General Table; the quantity 3175 to the depths 
S3 and 39, and so on for the succeedinrf depths. 
By the Auxiliary Table No. 1, it will be seen, that 
the depth to be added below the formation level, 
for the given width and ratio of. slopes, is 7*50 =r 
7^ feet, therefore, the cutting begins and ends with 
a depth of 10 — 7i = 2^ feet The correspond- 
ing number of cubic yards, to be deducted for each 
chain in length, is multiplied by 4 chains, the 
whole length of the cutting, thus giving the whole 
quantity to bo deducted, the remainder beiog the 
true content in cubic yards of the cutting. 

2. The several depths 

of a railway cutting to the 

meeting of the side slopes 

are as in the annexed 

table, the bottom width 

being 30 feet, and the 

ratio of the slopes 1 J to 

1; required the content 

of the cutting. 

Note, When any of the dis- 
tances between two succeeding 
depths is greater or less than 1 
chain, the corresponding quan- 
tity from the General Table 
must be multiplied by that par- 
ticular distance ; as the distances 
Oetween the depths 20 and 25, 
and between 32 and 39, &c. the 
distances being each 2 chains. 
The last distance, viz., that be* 
tween 30 and 10, is 1*46 ; in this 



act ) 

X4 [~_ 

ent in ] .. 

icyds. j — ^' 



1100 



156 



Dist. la 


! Depths 


chains. 


inTcct 





10 


1-00 


16 


2 00 


20 


400 


25 


5-00 


32 


7-00 


39 


800 


45 


10-00 


50 


12 00 


40 


13-00 


50 


14-46 


10 



Products for Dist. 
greater tlian 1 clmin. 



1243X2 

3091 X2 

5520 X 2* 
4971 X2 
«... 
1059 X 1-46 



Total 
quautities. 



420 
795 
24S6 
1996 
6182 
4319 
11040 
9942 
3015 
1546 



for side slopes 1 to 1 
i to 1 



— H to 1 , . . 
366-67 X 14-46 = 



41741 
20870 

62611 
5302 



Content in cubic vards 57309 



case 2 ^guxes must be cut off for decimals, afler multiplying, 
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Dlst. in 


Depths 


feet. 


In feet. 





37 


90 


50 


178 


61 


278 


39 



Qaantltles multi- 
pled by lengttL 



4660 X 90 
7554 X 88 
6210 X 100 



Total 
quantities. 



B'or slopes 1 to 1 
i to 1 



419400 
664752 
621000 

1705152 
852576 



li to 1 .... 2557728 
366-67 X 278 = 101933 



Content in cubic vards . 



66)2455795 



37209 



8. Let the depths of a 
railway cutting to the 
meeting of the side slopes, 
and their distances in feet 
be as in the annexed ta- 
ble, the bottom width 30 
feet, and the ratio of the 
slopes 1^ to 1; required 
the content in cubic yards. 

Note. When the distances 
are in feet the quantities from 
General Table must be respec* 
tively multiplied by their dis- 
tunces, the quantity from Table 
No. 1 by the whole distance, 
and the result divided by 66» the feet in 1 chain, for the content in cubic yards, 
as in the annexed operation. See Baker's Railway Engineering, 

Problem II. 

Case I. — The areas oftioo cross sections of a railway cutting 
to the intersection of the side slopes, its length in chaitiSy bottom 
width J and ratio of the slopes are given; required the content of 
the cutting in cubic yards. 

Rule, — ^With the square roots of the given areas, as depths, 
find the content from the General Table, as in the last Problem, 
from which subtract the quantity answering to the given width, 
and the ratio of sides slopes from Table No. 1, and the remain- 
der, being multiplied by the length, will be the content required. 

Note. If the length be given in feet, proceed as in Example 3, last Problem. 

EXAMPLES. 

1. Let the two sectional areas of a cutting be 4761 and 1296 
square feet, the bottom width 36 feet, the length 3*25 chains, 
and the ratio of the side slopes 2 to 1 ; required the content in 
cu bic y ards. 

"" > content per General Table... 6959 
= oo J 



n/1296 

For bottom width 36 and slopes 2 to 1 per '\ 



396 



Content of 1 chain in length 



6563 
3i 

19689 
1641 



Content for 3-25 chains 1\^^Qk ^\i^\R.^^^- 
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Case II. — To find the content when the depths are given %n 
feet and decimals of feet. 

Rule. — ^Let a and h be the feet in anj two succeeding depths, 
and a and i3 their respective decimal parts; find the quantitj 
answering to a and h from General Table, as in the former 
cases; then, 

2 a + P, rejecting the last figure, and « will shew the njimber 

to, be added in Auxiliary Table No. 2, and 
2 6 -f a, rejecting the last figure, and fi will shew the number 

to be added in the same Table. 
After which deduct for the quantity below the formation level 
as before. 

EXAMPLE. 

Let the sectional areas be 1406 and 2560 square feet, the 
bottom width 36 feet, length 4 chains, and ratio of slopes 1^ to 
1 ; required the content in cubic yards. 

Here ^/T406 = 37-5 and s/ 2540 = 50-4. Put 37 = a, 
50 = ^, '5 = a, '4 ^ iS; then the depths a and b, per General 

Table, give 4660 

2a + 6 = 124, or 12, (by rejecting last) og 

figure) and fi = '4, per Table No. 2, give T 

2^ + a 5= 137, or 14 nearly, (by rejecting 1 ^^ 

last figure) and o = '5 give J 



For bottom width 36 and ratio of slopes 1^ to 



1, deduct 



4746 
I 528 



Content for 1 chain in length 4218 

4 



Ditto for 4 chains in length « 16872 cubic yds. 

Case III. — In measuring contract worh, where great ac' 
curacy is required, the ^h^^^^ 9f ^ ./^^'> ^^ second decimals^ 
must be used in the calculation, by taking for them t^^ of their 
respective quantities in Table No. 2. 

EXAMPLE. 

The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes, and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes 1^ to 1; required 
the cubic yards in the cutting. 

Ans, The content, per General. Table, and 
Table No. 2, is 172318 cubic yards, from 
which the quantity corresponding to the 



Dist in 


Areas in 


cbains. 


sq. feet. 





2727 


2-00 


3136 


6-00 


4221 


9-60 


4100 


1400 


5142 


1600 


3769 


1800 


2161 


/ 
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given bottom width and ratio of slopes x by the whole length, 
viz. 275 X 18 = 4950 cubic yards, must be deducted, which 
leaves 167568 cubic yards, the content required. 

Note 1« — When the distance! of the sectional areas are given in feet, the 
quantities of the General Table mnst be multiplied bv their respective distances, 
and the final result divided by 66, as in Example 3,'Prob. I. 

Note 2. — When the surface lines of the sectional areas are either level or are 
readil J reducible to that position, the decimals, if any, in depths must be taken 
into the calculation, as in Cases IL and III. 

Problem HI. 

To adapt the General Table to such widths of the formation 
level and ratios of slope as are not /bund in Table No. 1. 

Put « = -J- width of formation level, and r : 1 the ratio of slope. 
Then - = feet to be added to the depth of cutting below 

formation level. 

22 «* 
And -TT — = cubic yards to be subtracted for each chain in 
9r 

length. 

EXAMPLE. 

Let the width of formation level be 26 feet, and the ratio of 
slopes IJ to 1; then « 4- r = 13 -r H = 10*4 ft. = distance 
below formation level to meeting of slopes. 

And 22 X 132 -4- 9 X li = 330-5 cubic yards to be deducted 
for each chain in length from the contents of the General Table. 

Problem IV. 

To find the content of a cutttng^ when each of the sides have 
two different ratios of slope, 

Kule. — ^When the cutting ABCD 

has two different slopes, as A a or Bd S^ ^ ^ 

and aC or ^D; it must be divided \ ! / 

into two parts by the line a b, and the \ • m / 

quantities of the parts ABba, ab'DG cV-— j -y^ 

of the cutting must be found separately \ \ • / / 

by Prob. I. If the surface line CD be Vj_/ 

sloping or curved, Prob. IL will also ^\ i»y^ 

be required; and, if the depths wi'«, \j/ 

jnN and their corresponding quan- %r 

titles of cubic yards are not found in 

Table No. 1, they must be found by Prob. III., the sum of the 

contents of the two parts being the required content of the 

cutting. 
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Note. Cattings of this kind are often advantageously adopted, where their 
npper parts are of loose or spriogy earth, and their lower piuts strong clay or 
rocky. 

Problem V. 

To find the content cf a cutting when the ratio of the slopes 
of the two sides are different. 

Case I. — When Hie surface is level. 

Rule. — Find the central depths to the meeting of each of the 
side slopes, and take their corresponding contents by Prob. I. 
for the whole length of the cutting, in the same manner as if it 
were for two cuttings, and from the sum, subtract the sum of the 
2ubic yards corresponding to the given bottom width and ratios 
of slope multiplied by the whole length of the cutting, and half 
the sum will be the content required. 

Case II. — When sectional areas are given. 

Rule. — ^Find the contents corresponding to the sectional areas 

to the meeting of the side slopes by Prob. II., and from their sum 

44 «2 / 

deduct ^7 -jr cubic yards for the content. In this for- 

9{r -\' r) 

mula o = \ bottom width, I = whole length of cutting, and r 

and r' the first terms of the ratios of the side slopes. 

Note. Cuttings with slopes of this kind are frequently adopted in practice, 
where the ground is springy on one side of them, the greater ratio of slope being 
on the springy side. 

Problem VI. 

To find the quantity of the cutting of a tunnel. 

Rule. — Multiply continually together the width, mean height 
and length; divide the product by 9, if the length be given in 
yards, but, if the length be given in chains, multiply the pro- 
duct by 22 and divide by 9, the width and height, in both cases, 
being given in feet. 

Note. Examples are not given In the three last Problems, the methods of 
solving which being sufficiently obvious from the Rules and the first three 
Problems. 

THE FOLLOWING EXAMPLES SHOW THE EKRORS OF METHODS 
PUT FORTH BY MR. BASHFORTH AND OTHERS, TO FIND THE 
CONTENT OP CUTTINGS. 

EXAMPLES. 

1. The areas of two cross sections of a cutting to the meeting 

of the intersection of the side slopes, are 1296 and 361 square 

feet, their distance one chain, and bottom width 36 feet, and the 

ratio of the slopes 1 to 1 ; required the content of the cutting by 

the true and the erroneous methods practvcally used. 
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(1.) By the true method: — 

^1|£^ = ^H content by General Table 1907 
Deduct from Table No. 1 792 

True content for 1 chain in length 1115 cubic yds, 

(2.) By Mr. BashfortKs method: — 

By Table No. 1, the depth of the meeting of the side slopes 
below formation level is 18 feet; hence the area of the triangle 
below it is 36 X 9 = 324 square feet, which, being taken from 
the given sectional areas, will give 972 and 37 square feet for 
the areas used by Mr. Bashfortli; whence, 

V976 = 31-1 8 1 ^.Qntent ijy General Table, &c., 975 cubic yds. 
V 37 = 6*08 J 

This content taken from the true content, given [defect, 

above, leaves 140 error in 

Whence 975 : 140 :: 100 : 14*36, or above 14^ per cent, the 
error in defect by Mr. Ba&hfortlCs method, 

2. Let the areas of the two cross sections to the intersection 
of the slopes be 324 and 2916, and the other things as in the 
last example, required the content of the cutting by the correct 
and erroneous methods. 

(1.) By the true method: — 

V^196 = 54 ) ^Qjjtgyjt by General Table 3432 

^ 324 = 18J ^ 

Deduction from Table No. 1 792 

True content for 1 chain in length 2640 cubic yds. 

(2.) By Mr, BashfortUs method: — 

Here the sectional areas used by Mr. B. are 2592 and 0, 

•whence^H^= ^^^^ I content by Gen. Table 2112 nearly, 

which taken from the true content leaves 528 | ^efg^t!^ 

Whence 2112 : 528 :: 100 : 25 per cent, the error in defect 
in this case. 

By taking a mean of the areas in example 1. 

22 
^ (972 -f 37) X — = 1223f cubic yards, tchicJe^ exceeds the 

true content 1 18|^ cubic yards, beiiig about 9f per cent, m excess^ 
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By taking a mean of the areas in example 2. 

22 
J (2592 -f 0) X "s* = 3168 cubic yards, which exceeds the 

tme content hy 528 cubic yards^ being IGf per cent in excess. 

Note. By taking a mean depth the error iu defect is just half the pre- 
ceding one, or 8 j- per cent. These methods only give a near approximation to 
the true content, when the sectional areas of a cutting are nearly equal. See 
the results of the following formula and remarks. 

The above examples shew with sufficient clearness the inac* 
curacy of Mr. Bashforth's method; but since it has been de- 
fended, CIS suffictenily correct for practical purposes^ the fol- 
lowing formula will more rigidly prove its failure. Let A' and 
B' be the sectional areas of a cutting, as used by Mr. Bashforth, 
and a the area between the formation level and the meeting of 
the slopes; then by Baker's Railway Engineeringy page 55<i 

■^(>/ A' + ax B' + a — >/ A' x B' — fl) = his erro r in de 

feet, the content by his method being -gL (A' + B' x >/ A' 4-B'), 
the length being unity; whence 

100(V A"+^ xWTa— ^/ A' X B' — a) 

A + B-.f VA-xB- = ''''' ^'^ 

cent, by Mr. Bashforth's method. 

EXAMPLES. 

1. W hen A' = ^ a and B' = 9 a, the above formula gives 

100 (y/ V> X 10— s/j x 9—1 ) a __Vz: ^ _ l^OO 

(i + 9 + VF^T^) a ■" 10^ "" 91 = 

IZ^per cent error in defect, 

2. When A' =: and B' = 3 a, the above formula gives 
100(2—0—1) „„, 

= 33^ per cent, the error in defect. 

3. When A = and B' = a, the error in defect is 41|- per 
cent. 

Errors of this kind will repeatedly occur in practice, where 
cuttings and embankments are made, as in the following figure; 
wherein A B is the formation level, and the corresponding 
curved line is a section of the earth's surface; the small figures 
below being cross sections taken to the intersection of the 
slopes, in which MN, wn, represent the formation level, the 
sectional areas, used by Mr. Bashiorth, being those above the 
lines M N, mn, the cross section c dmn may either be very 
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small, as in Example (l«), or 0, as in Examples (2.) and (3.); 
in which latter cases the surface d d of the section cuts m n. 




From the above figure it will at once be seen that more than 
one half of the sectional parts of the cuttings and embankments^ 
will be affected bj errors in defect of an average of the above 
named per-centages, which are most decidedly prominent; and 
sufficient, in many cases that occur in practice, to take away 
more than the whole of a contractor's profits. — The error oi 
Mr, Bashforth*s method attains its rnaximum, which is 50 per 
cent,, when both the sectional areas A', B', vanish, which, how- 
ever, is a case that can never occur in practice. 

REMARKS ON MB. BASHFORTH'S AND THE AUTHOR'S METHODS OJ' 
FINDING THE CONTENTS OF CUTTINGS. 

Notwithstanding the astounding errors, just proved to exi^t 
in the method given by Mr. Bashforth, for finding the contents 
of cuttings, he and his abettors have had the assurance to 
blame the author of this work for copying in his Railway En^ 
gineering, his (Mr. B.'s) method. Now, had Mr. B/s method 
been copied by the author, he must also have copied his erroiSf 
that is, he ought to have adopted Mr. B.'s method of finding 
the contents of cuttings from sectional areas, where the surface^ 
of the ground is laterally sloping or curved, in which method 
Mr. B. entirely leaves the prism below the formation level oijt of 
the question, which the author has included in his calculations 
by the General Table, and afterwards deducted. For Mr. B, 
says (Art. 15, p. 11, of his work), " The only way to proceed 
in such a case is, — find the area of the cross sections in square 
feet, take out of Barlow's Tables the square root of each, and 
treat these square roots precisely as if tney had been measured 
heights, excepting that there will be nothing to be deducted for 
the prism, and no multiplication for the slopes, these having 
been already accounted for in finding the areas." — Mr. B. then 
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gives an example in accordance with these directions, in which 
all the cross sections are large, and not greatly differing in area; 
the error in the result of which is, therefore, not so prominent 
as those in examples 1, 2, page 201, and in example 1, 2, 3, 
-page 202, where the areas of the cross sections differ consider- 
ably. 

Besides, in reference to his method of finding contents from 
sectional areas, Mr. B. elsewhere says, " In the case of contract 
estimates numerous cross sections ought to be taken ; and it 
matters little whether we start from the intersection of the 
slopes or the formation level.*' The errors shewn in vaye 202 
shews that *' U matters " so much as 25 per cent on an average, 
where one of the sectional areas w moderately large, and the 
ikher either small , or tapering to 0, after the manner of a wedge. 
Besides, " numerous cross sections ** are by no means required, 
as Mr. B. recommends, where the surface of the ground is 
laterally sloping, or curved like a cylindrical surface, so that 
cross sections taken at from 3 to 10 chains distance to the 
intersection of the slopes, may be considered to be similar, or 
so nearly so as not to induce error; which cases very frequently 
octur in practice, and may be readily determined by the eye. 
Moreover, " numerous cross sections ^ are attended with con- 
8i4erable expense, and, for this reason alone ought to be avoided 
when they are not wanted, excepting where Mr. B.'s erroneous 
method of finding contents is used, since the amount of error 
w^ thus be diminished. 

iloreover, the author's method of finding the contents in 
question was communicated to several gentlemen long before 
^'e publication of Mr. B.'s method, among whom was Professor 
Taie, of the Training Institution, near Twickenham, who is 
•^idU able to judge of such matters, and who has himself pub- 
listied on the same subject in his Geometry. As for the General 
Tatne, it is calculated from one of the same formula, which is 
i^s^ by Sir John McNeill, Mr. Bidder, and others, as part of 
thJB Ibasis of their tables, and must, therefore, be common pro- 
p^fy, — the above named gentleman, Mr. B., and the author, 
^ii Tising the results in a different manner : besides, the author 
fcais given two Auxiliary Tables to facilitate his calculations, 
ft now remains for Mr. B. and his friends to re-examine the 
Wiyestigations of the methods in question, and before they pro- 
ncjii^ce Mr. B.'s method to be correct, it is their duty first to 
prWie the author's to be false; which he now calls upon them 
t^ ^9, They must at the same time recollect that the length of a 
catting does not affect the accuracy of these results, and that 
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their vague assertions, grounded on such matters, will not in- 
validate the demonstrations, given by the author in his Railway 
Engineering^ in the least degree. 



CHAPTER VL 

PROBLEMS AND FORMULA OF UTILITY IN LAND 
AND ENGINEERING SURVEYING. 

The areas of triangles, &c., may be expeditiously found by 
the following Problems, without mapping them for the purpose 
of finding perpendiculars, &c. 

Problem T. 

To find the area of a triangle^ when two of its sides and their 
included angle are given. . 

Let a and h be the two sides of the triangle, a their included 
angle, and A the area; then 

A. =z ^ ab sine « 
This Problem may be solved by logarithms^ by which the 
multiplication of large numbers is avoided, and by which the 
area is found in acres and decimals; thus 

log. A r= log. a + log. h 4- log. sine « — 1 5*301 03. 

EXAMPLE. 

The two sides of a triangle are 1920 and 1162 links, and 
their included angle 53° 8'; required the area. 

log. 1920 3-28330 

log. 1152 3-06145 

log. sine 53° 8' 9-90311 

16-24786 
15-30103 

log. A = 8-848 0-94683 

or, A = 8a. 3r. 12p., the area required. 

Problem II. 
To find the area of a triangle, when two of its angles and their 
included side are given. 

Let a and /3 be the two angles, and a their included side; then 

a* sine a sine iS 

"^ 2sine(a + /3)* 
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By logarithms for the area in acres, 
log. A s= 2 log. a 4- log. sine a -}- log. sine fi *■ log. sine (a-|-i8) — 15*30103 

EXAMPLE. 

A side of a triangle is 2000 links, and its adjacent angles 
60° 14' and 59° 46' j required the area by logarithms. 

Ans, 13a. Ir. 12p. 

Problem HL 
To find the area of a triangle when the three sides are given. 
Let a, b and c be the sides, and s their half sum, then 

A = s/ s{s — a) {s — b) (s — c). 

By logarithms, for the areas as above, 
log. A=log.5+log. (s — a)+log. {s — ^)+log. {s — c) -^ 2 — 5. 

EXAMPLE. 

The three sides of a triangle are 3050, 2520, and 2040 links, 
required the area by logarithms. Atis^ 25a. 2r, Ap. 

Problem IV. 

To find the area of a trapezium^ when its four sides are given, 
two of its opposite angles being together = 180°. 

Let a, by c, and d be the four sides, and s = half their sum ; 

then, A = V {s — a) (s^b) {s — c) {s — d). 

The method of solving this Problem by logarithms is suffici- 
ently obvious from Problem IIL. 

Problem V. 

To find the area of a trapezium when its two diagonals and 
the angle of their intersection are given. 

Let D and a be the two diagonals, and o the angle of their 
intersection; then 

. __ D A sineo 

The method of solving this Problem by logarithms is the same 
as that given in Problem L 

Note. The investigations of the Formulae used in these Problems are given 
in various works on Analytical Trigonometry. 

Problem VL 

A B C 2^ a triangle^ m which the base A B and a point D 
therein are given, D C w a quality line, making a given angle 
with A B ; it is required to determine CD so that the triangle 
ABC mag contain land of a given value. 

Put AD = a, DB = ^, CD = a:, / = square links in an 
acre^ sine /^T>^=z<t^ the values of the land adjacent to a and b 
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respectiTcly, m and n per acre, and V the given value; then 

the areas of the triangles A C D, B C D are respectively 

atrx ^bffx , , . • atrmx ^btrnx _ 

and and their values are ; — and — z^% whence 

21 21 21 21 ' 

» 

Offtnx b trn X 

<r{am'^bn) 
whence the position of the point C becomes known. 

Cor. When C D is perpendicular to A B, <r = ] , whence the 
above formula becomes 

« = —j—= CD. 

Note. This Problem wonld be available in solving Case IV, Problem V, 
page 121 ; however, it is there proposed to be solved by assumed or ''Guess 
lines," conformable to the old practice of surveyors. 

Problem VII. 

In making an extensive survey, the fundamental lines A B, 
B C, CD, DA were measured, 
and the distance CP noted; but 
the distance A P was accidentally 
omitted. It is required to lay 
down the lines independent of 
this distance; and give a solution 

when AD = DP. 

PutAB = a, BC = A, CP = c, PD = c/, DA=^, and 

A P = a:; then P B = a—x; and by trigonometry cos. Z. A P D 

. -D-on x^+d^—e^ la — xy-\'C^—b^ . 

= cos. Z B P C = — — = ^ — ^r-^, r 5 whence 

2d'x 2 c {a—x) 

a{c+2d) ^^ . d{a^—b^+c^)+c{d^-e^) ^ ac{d'-e') _^ 
c+c? ^ c + d c-\-d 

a cubic equation, from which the value of x may be found, which 
determines the distance A P. 

When AD = DP, that is, when c?= e, the above equation 
becomes 

c 4- a c + d 

a quadratic equation, from which the value of a? = A P may be 
readily found. 

Investigation of formulcB. — As the formulae for dividing 
land, at pages 119 and 121, Cases 11. andllL^ "Cx^VJvko^ ^ -» 
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are given withoot investigation, to obviate all doubts of thdr 
accuracy, the processes o^ deducing them are here given. 

(L) Bj Tefernng to the definition of the sjmbols, and to the 
diagram at page 119, Case IL, it will be seen that the right 
angled triangles W b /, W U tf, W F ^, are similar, therefore^ 



ax ^ 
X :: a : — = S /, 

s 

X : : a -r If i = U «; hence 

s 



a* X 



the area in acres of W S/=i W S • S*= ^ . 

2 s i 

ofS*Utt=i(Sir+Utf)SU=^^^t?I^, 

Then tlicsc areas, being multiplied by their respective values 
per acre, and their sum equated to the required value V, give 
a^m X (2 a + If) b n X (2a + 2b + c)co x _, 

irrr "^ 277 "*" tts * 

2Z*V 

whence a? = j^ j^ tt^ ^, . . = F &. Q.E.L 

a^m-\'{2a+b)bn-\-{2a-^2h-\-c)co ^ 

Cor. I. If there be only two qualities of land to be thus laid 
out, c must be made to vanish in the above formula, whence it 
becomes 

« = -:; 7s TTT- = F &. 

a^m-\-{2a'\-b)bn 

Con. 11. If there be four different qualities of land, let the 

breadth of the additional quality be (f, and its value j!?; then the 

fonnuhi becomes 

^^ 2 g*V^ ^F5 

a2m+(2 a+j) 6»+(2a+2 6+c)co+(2 o+2 6+2 C'\'d)dp 

the law of extension being sufficiently clear. 

(2.) By referring to the diagram at page 120, Case III., 
Problem V., and to the symbols on the same and following page, 
it will bo readily perceived, that by drawing a perpendicular 
from a on NB, (which is not shewn in the diagram) that 
a q = a — 2 x% whence the area in acres of the trapezoid 

N a 5^ j3 = ^ (N p — « (?) /> (7 = ^^ ' in a similar way 

iho area of B ^ sr is found = -j — ^' the area of the rect^ 
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bx 

angle pqrs being obviously = "y • ^7 multiplying these 

three areas by their respective values, and putting their sum 
equal to the required value V, their results 

(a '— ax)mx •\- (c ~- ^x)ox -\- bnx ^, 
^^ == V ; whence 

(aw-|-/3o)a;2 — (am + 5»4-co)ar4-/V = 0; and, by 
solving this quadratic for the reciprocal of a?, there results 

2ZV' 

«= ; ; I ■ :-=j?<yorr5; 

am -J- 6» + CO + v («»> -f- 6« + co)^ — 4(a w» + )3 o) / V 

Note The method of adapting this formula to a greater or less number of 
qualities of land is sufficiently clear, from the different modifications of the 
preceding formula in Cor. I. and II. 

Problems, Original and Select, 

FOB THK EXERCISE OF STUDENTS. 

I. The side of an equilateral triangle is = a, and its area = 
A; prove that 

A = ^a2 V3. 

II. The base of an isosceles triangle is = a, one of its equal 
sides = 6, and its area A ; prove that 

A = ia V(2 6 + a) {2b — ay 

III. In a triangle are given the perpendicular = p, the 
angles opposite the perpendicular = «, and ^, and consequently 
the third angle = y ; prove that 

^ _ p'^ sine 7 

2 sine a sine ^ 

IV. ABCD is a trapezium, in which the angles at A and C 
are equal, and AB = a, BC = b, CD = c, DA = d, the half 
sum of all the sides = Sy and the area = A; then prove that 

- ad-\'bc ,—j -r—, ; r rr 

A = — -z ; — Jsys -— a -- c) (s — b — c) Is — c "- a). 

ad -^ be ^ '^^ '^ ^ ^ 

V. Ir a trapezium ABCD, are given two opposite sides 
A B = «, C D = ^, the angles at A, B, and C respectively 
= a, ^, and 7, and consequently the fourth angle D = 8; then 
prove that 

a^ sine a sine ^ — b^ sine y sine 5 

2 sine (« + fi) ' 

YI. In a trapezium ABCD, are given the three sides 
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CD = ^, BA = 6, AD = c, and the angles at A and B re« 
specti vely == « and k; then prove that 

A = 1^ -j a 6 sine $ -{- be sine a — a c sine (a + ^) }- • 

VIL In a pleasure ground A B C D, known to be rectan- 
gular, only the following dimensions could be taken, on account 
of obstructions from buildings, shrubberies, and ponds, viz.,. the 
distance A E to the point where the perpendicular B £ falls on 
the diagonal A C, and the prolongation E F of B E till it meet 
the side CD; it is required to find the area of the pleasure 
ground, when A E = 32, and E F = 4 chains. 

Ans. 64 acres. 

YIII. A large building is known to be of a square form, but 
no one of its sides could be measured on account of obstructions 
from other buildings ; however, from a point P three streets 
diverge directly to its three nearest angles A, B, and C. Now 
P A = 60, P B = 40 and P C = 70 yards; required the side 
of the building. 

IX. Within a rectangular garden, the length of which is 4 and 
its breadth 3 chains, there is a piece of water in the form of a 
trapezium, the opposite angles of which are in a direct line with 
those of the garden, the distances of these opposite angles, taken 
in succession, are 20, 25, 40 and 45 yards; required the area of 
the water. Ans. 960 square yards. 

X. Given the three perpendiculars of a triangle, from the 
angular points to their opposite sides, 10, 11, and 12 chains, to 
find the area of the triangle. Ans. 7a, Or. 4^ p, 

XI. Three objects. A, B, C, are observed at a point D, ex- 
terior to them; the distances of the objects are known to be as 
follows, AB = 8, BC = 12, and AC = 7^ miles: the angles 
ADC, ABD are respectively 25° and 19°; required the dis- 
tances A D, B D, and C D. 

Xn. A gentleman intends to make an elliptical garden, the 
principal axes of which are to be as 3 to 1, and the fence of 
which is to include three trees, one at the end of the transverse 
axis, the second 6 poles from it, and the third the same dis- 
tance from the second, the three trees forming a right angle at 
the second ; required the axes and area of the garden. (^Gende' 
marCs Mathematical Companion^ Quest. 449.) 

Ans. Minor axis 55*87 poles, area 73'55 sq. poles. 

XIIL In an elliptical enclosure of one acre the principal 
axes are as 5 to 4; required the \en&l\i oi «, cJaotd^ ntMcIu 



PaOBLEMS AND FOBlCTXLiE. 211 

fastened to the end of the longer axis, will allow a horse to 
graze half an acre. {G. M. Comp. Quest. 345.) 

Ans. 48-454:73 yards. 
XIV. Given the diagonals and two opposite sides of a trape- 
zium to construct it, when the area is a maximum or a mini- 
mum. (Prize Quest. G. M. Comp. for 1809.) 

XY. In a trapezium ABDC are given all the sides AB = a, 
B D = ^, D C = c, C A = rf, and the diagonal B C = e to 
find the diagonal A D, without constructing the figure. (B. 
Cromperts^s Principles of Imaginary Quantities^ page 29. 
Prob. V.) 

Ans. AD = ^/a^-k-b^^abx ^ x 

^2 ^ g2 ^2 ^2 I. g2 ^ 

in which a = , and h = r . 

ae be 

XVI. There are given the four sides of a trapezium, and a line 
joining given points in two of its opposite sides, from which it is 
required to construct the figure. 

XVII. The five sides a, b^ c, d^ and « of an irregular field 
are given, in which the angles between a and 6, b and c, c and 
dy are equal but not given ; from these data it is required to 
lay down the field. 

None The solations t)f the two last Problems are obtafaiable by cubic equa- 
tions. The former was proposed by the author, in the GenUemaris Diary for 
1838, it having occurred in his practice of town surveying for railway purposes. 
The latter was proposed by B. Gompertz, Esq., F,R,S,t 4^,, in the GenUemana 
Mathematical Companion; to which he gave a solution in a concise, novel, and 
ingenious manner by his Principles o/ Imaginary Quantities: other solutions by 
the ordinary methods were also given to the same Problem. 

XVIIL A gentleman has an elliptical garden, the principal 
axes of which are 50 and 40 yards, enclosed by a brick- wall 13 
feet high. He ordered his gardener to place his seat at equal 
distances from the centre, one of the foci and the boundary of 
the garden, and around the seat to make a gravel walk of equal 
breadth taking up -^ of the area of the garden, and to be of 
such a nature, that, while the gentleman is seated, and the 
gardener moving along the middle of the walk, the gentleman's 
eye, the gardener's utmost height, and the top of the wall, may 
be in the same right line ; the height of the gentleman's eye, 
(when seated), and that of the gardener, being 4 and 6 feet re- 
spectively. Required the position of the seat, and the nature 
and breadth of the walk. (G. M. Comp. for 1806, Quest. 14.) 

Ans. The egual distances of iht seat from tke cerntxe^ Jocru^^ 
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and curve = 10*7812 yards; the walk is elliptical^ its 
axes being 11^ and 9^ yards^ its breadth 2 J yards, and 
the position of the walk with respect to the seat being the 
same as the fence of the garden, 

"SoTE, The solutions to all the Questions, taken from the works referred to, 
mav be> seen in those works. 

(division of land.) 

XIX. In a triangle ABC, AB = a, BC = b, CA = c, and 
from D, a given point in AB, the distance DB = c/, DE a line 
meeting B C and dividing the triangle, so that A A B C : 
A B D E : : m : n; then prove that 

dm 

But if it be found from the calculation that BE is greater 
than B C, and that the divisional line will meet A C in some 
point F ; then prove that 

^p_ ac(m-n) 

m{a — d) 

XX. A B C D IS a given trapezium, and T a given point in 
AD, from which a line TE is drawn to meet BC in E, so that 
trapezium A B C D : trapezium D C E T : : m : n. Now, 
since the trapezium A B C D is given, if the sides AD, BC be 
prolonged till they meet in Z, the point Z will also be given ; 
therefore, put AZ = a, BZ = ^, DZ = c, CZ =: d^ and 
TZ =f; then prove that 

^rj n(ab — cd) , cd 

XXI. It is required to divide a given trapezium into four 
equal parts, by two right lines perpendicular to one another. 

Note. This Problem was proposed, the author believes, in one of the Diariei, 
many years ago, where its solution may be seen. 

(railway engineering.) 

XXIL Let 5 be distance between the tangent points of a 
serpentine curve, consisting of two circular arcs of equal radii 
r, a and ^ the angles that * makes with the tangents, and <r = 
arc to ^ (cos. « + cos. ^); then prove that 



.'^ 



sine o + sine ^ + 2 sine o* 

XXIIL Find the distances of the tangent points to the point 
of contrary fexure of the curve, in t\ni\asXl?vck\Afem^9uud the 
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angles that these distances make with the tangents to the curve, 
and give the requisite formula. 

XXIV. The widths of a laterally sloping railway cutting 
from the centre of the line are expressed generally by the fol- 
lowing formula. 

hs 



u 



l±rh' 

the positive sign being used for the width measure down the 
slope, and the negative one for that up the slope, in which 
formula b = ^ width of the cutting, assuming its surface to be 
level, h = differences of level readings at the distances s and I 
on the slope and level, and r the ratio of the slopes. See figure 
to Prob. II., Chap. III. 

XXV. Let a and b be the depth of a railway cutting to the 
intersection of the slopes, / = length of the cutting, « = -j^ bot- 
tom width, all in feet, and r = ratio of the slopes, the surface 
of the cutting being assumed to be horizontal; then prove that 
the content of the cutting in cubic yards is 

XXVI. When a and b are the depths of a horizontal cutting 
to the formation level, and the other dimensions the same as in 
the last Problem; then prove that the content of the cutting in 
cubic yards is 

81 

XXVII. Let A and B be the areas of the cross sections of 
a cutting to the intersection of the slopes, c?, the area of the end 
of the pnsm below the formation level, (see fig. p. 194) and / 
the length of the cutting; then prove that the content in cubic 
vards is 

^(A + B+ VAB-3rf). 

XXVIII. Let the dimensions be as in Problem XXVI. ; 
then prove that the error in defect of tlie method of finding tho 
content of a cutting by using the mean depths is 

XXIX. Let the dimensions be «a m "Bt^XiY^^a. "^Xs^?^-\ 



|a2 ^ab + b^ -— (a + b)\ . 
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then prove that the error in excess of the method of findmg 
the content of a cutting hj using mean areas is 

^ WA - ^/B)^ 

XXX. Prove the formula at p. 202, for finding the error per 
cent, of Mr. Bashforth's method of finding the contents of rail- 
way cuttings from sectional areas. 

NoTB. The demonstrations of the nine last Problems are given in Baka^t 
Railway Engineering, 

CENTRIFUGAL FORCE OF TRAINS IN RAILWAY CURVES. 

Since all moving bodies have a tendency to continue their 
motion in a direct line, from this cause the carriages of a rail- 
way train of great velocity are strongly urged towards the outer 
rail, and would ultimately be driven off the rails, were it not 
for the flanges of the wheels and the conical inclination of their 
tire. 

Let F= centrifugal force thus generated, W = weight of the 
train, V = its velocity, R = radius of the curve, in which the 
train moves, and g the force of gravity at the earth's surface; 
then by Dynamics 

EXAMPLE. 

1. When R = ^ a mile = 2640 feet, V = velocity = 30 miles 
per hour = 44 feet per second, and g = 32^ feet = velocity of 
a body falling from rest, at the end of a second ; then 

W X 442 22 _ , , «r 

F = = W = nearly -Ar W, 

32^ X 2640 9615 ^* J^ XT > 

that is, the force that urges the train to quit the curve is ^y of 
its whole weight, in this case. 

2. When V = 60 miles per hour = 88 feet per second, and 
R the same as in Example 1 ; then 

^ W X 882 T , w» 

^ = 32i X 2640 = °^^^y ^^^ ^>* 

* This great amount of centrifugal force, in cnrves of small radius, would be 
very much increased by the high velocities, which some are sanguine enough to 
exx)ect as likely to be attained on railways ; since this force varies as 

rj— or as V^ 
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that is the force, in this case, is ^V ^^ *^® weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of small radius. 

3. When the radius is = 1 mile = 5280 feet, and V the same 
as in example 2; then 

This force, except in curves of very small radius, is counter- 
acted by the conical inclination of the tire of the wheels of the 
engine and its train. The inclination with the lateral play of 
the flanges of the 2 wheels of about ^ an inch on each side, and 
the centrifugal force uj*ging the train towards the outer rail, 
when moving in a curve, increase the diameter of the outer 
wheel and diminish that of the inner one, which causes the train 
to roll on a conical surface, thus necessarily producing a cen- 
tripetal force to counteract the tendency of the train to leave the 
curve. However, in curves of very small radius, the centri- 
petal force thus generated, does not sufficiently counteract the 
centrifugal force, a proper super-elevation of the exterior or outer 
rail being required for this purpose; for determining which 
Pambour has given in his work on Locomotive Engines^ the 
following. 

FORMULA FOB THE SUPER-ELEVATION OP THE EXTERIOR RAIL. 

Let V = velocity of the train, R = radius of railway curve, 
R' = radius of the curve that the train would describe in con- 
sequence of conical shape of the tire of the wheels, and the cen- 
trifugal force impelling the train outward, and enlarging the 
diameter of the outer, and diminish that of the inner wheel, 
c= gauge of rails, ^= force of gravity, anda?= super-elevation 
of outer or exterior rail; then 

for the same curve : thus for a velocity of 120 miles per hour, on a curve of -j 
a zhfle radius, we shall have 

32^ X 2640 ^ ^ 
that is, the centrifugal force is, in this case, more than ^ of the whole weight of 
the train ; while for curves of 1 mile radius, which are veiy common in railways, 

y* = -^ W, or nearly -J- of the weight of the train. It must, therefore be evident 
that a velocity of 120 miles per hour, or even one of 90 miles per hour, must be 
extremely dangerous, especially on an embanked curve, should any accident 
throw the train off the line, which is often the case with the present velocities. 
Moreover, the resistance of the air, which varies as V*, must be considerably 
augmented by high winds opposed to the direction of a train of these great 
velocities ; while its engine would require a power greatly superior to those 
now in use. 
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II' = 



den 

4a" 



d heing = outer diameter of the wheels, A = deviation of the 

wheels, and - = the inclination of the tire. 
n 

Concise and, he trusts, clear demonstrations of the above 
formulae are given by the author, in his Railway Engineering, 

By solving these formulae for some* of the usual cases, 
Pamhour produces the following. 

TABLE OP THE SUPER-ELEVATION TO BE GIVEN TO THE 

EXTERIOR RAIL IN CURVES. 



• 

Designation of the Waggons 
and the Way. 


Kadiasoftho 

Curve 

In Feet 


Supcr-clcvntion to be given to the Rail In 
Inches, the Velocity of the motion in 
Miles per hour being: — 


10 Miles. 


20 MUes. 30 Miles. 


Waggon with wheels 3" 

feet in diameter. 
Gauge of way 4*7 feet. 
Play of the waggons on > 

the way, 1 inch. 
Inclination of the tire of 

the wheels 1 in 7. 


250 
500 
1000 
2000 
3000 
4000 
5000 


1-14 
0-57 
0-29 
015 

o-io 

0-07 
0-06 


5-60 
2-83 
1-43 
0-71 
0-47 
0-36 
028 


12-99 
6-56 
3-30 
165 
1-10 
0-83 
0-66 



The correctness of the above results is pretty generally con- 
ceded. It must, however, be considered, that it is extremely 
difficult, if not impossible, to realize in practice, the precise con- 
ditions and proportions determined by these important formulse; 
as accidental depressions and enlargements of guage of part of 
the rails, as well as many other matters that cannot be sub- 
jected to calculation, will unavoidably derange these results. 

The reader, who wishes for further information on these sub- 
jects, may consult Tredgold on the Steam Engine; HanrCs 
Treatise on the Steam Engine ; and Baker^s Statics and Dy* 
namics. 
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RAILWAY VIADUCTS OR BRIDGES. 

The extensive lines of railway lately constructed, and now in 
progress, present numerous viaducts, some of which are stu- 
pendous as well as magnificent works, and some of a truly 
novel character. The dimensions of the chief specimens are 
here given. 

TDBULAU AND OTHER IRON, GIRDER BRIDGES. 

The Britannia tubular bridge, — This structure, combining 
unparallelled magnitude, strength, and novelty, forms one of 
the viaducts of the Chester and Holyhead Railway. It crosses 
the Menai Straits, uniting the shores of the mainland of Wales 
and the Isle of Anglesea. It consists of two rectangular tubes, 
each 1513 feet in length, or |- of a mile, 26 feet in average 
depth, and 14 feet 8 inches in width, the internal depth and 
width being respectively reduced by the construction to 22 
and 14 feet. Each tube has four spans, and consequently three 
piers or towers, exclusive of the abutments. The two middle 
spans, in each tube, are each 460 feet, and the two end spans 
each 230 feet, exx^lusive of the widths of the towers, which sup- 
port the tubes at a height of 102 feet above high water mark, the 
whole height of the middle tower being 200 feet above high 
water mark, or 230 feet from its foundation. The parts of the 
tubes forming the middle spans were 472 feet in length, pre^- 
vious to their being united, and weighed upwards of 1600 tons, 
and were raised to their present lofty position by hydraulic 
presses worked by steam engines, thus leaving the navigation 
of the Menai Straits uninterrupted. 

" It is seldom," says Mr. G. D. Dempsey, " that the invention 
of works of new design and skilful mechanical arrangement is 
due entirely to one mind, any more than their construction is 
due to one pair of hands: hence great difficulty arises in 
assigning to each contributor his fair share of merit in their 
production. It must, however, be admitted, that to Mr. R. 
Stephenson alone we are in this instance indebted for the 
original suggestion ; and with this admission, we have endea- 
voured to avoid any attempt to judge of th^ ^x^^Ssa ^V'wcKsa. ^V 
the two eminent men, whose io\ut\a\io\XT^ "Vk-aN'b y^^^x^r.^ "^^^ 
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Britannia and Conwaj Tubular Bridges. That these great 
works owe their design and construction to their joint labours 
is clearly evident, and, we respectfully submit, amply sufficient 
to justify the record of the two names of Robert Stephemon 
and WiUiam ftUrbaim in an honourable and enduring as- 
aociatioD." The machinery for raising these immense tubes 
was designed and executed by Meuri. Satton and Amos, 

The Conway tubular bridge, in the same line of railway, 
preceded the Britannia, having been raised in 1848. It consists 
of one span only of *30 feet, clear width the height of ihe 
tubes above the level of high water is 
inconsiderable, when compared with the 
Britannian tubes, being only 18 fe«t 
The bridge thus consists of two tubes 
only, each weighing 1300 tons. It is 
erected close beneath the ancient wall of 
Conway Castle, its abutments being of 
strong masonry, the designs of which are 
in harmony with that of the castle. 

IBON TITBCLAB GUtDER BBIDGBS. 

The first tubular girder bndge de 
dgned and constructed by Mr Fa r 
bairn, was for the purpose of carrying 
the Blackburn and Bolton Railway over 
the liCeds and Liverpool CanaL The 
Span of this bridge is 60 feet, the two 
lines of rails being carried between three 
parallel girders. — The cellular work in 
girders of this kind constitutes the r 
great strength, combined with com 
parative lightness, the same kind of 
cellular work being introduced both in 
the top and bottom of the tubes of the 
Britannia and Conway Bridges. 

The Gainsborough tubular ffirder 
bridge is the largest yet constructed of 
this kind. It forms the viaduct of the 
Manchester, Sl:effleld, and Lincolnsh re 
Railway over the Trentj and cons sts of 
two spans, each lfi4 feet wide w th a 
central pier and abutments of masonry, 
and two end arches each 40 feet span. 
This hriAge crosses the river oUic^ue\7 
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the abutment and pier are therefore placed at an angle of 50^ 
with the longitudinal direction of the girders, which are two in 
number, and of uniform depth throughout, between which the 
double line of railway is carried. This elegant specimen of 
wrought ironwork was designed and executed by Mr. W. Fair 
bairn, whose name is so honourably connected with the Britan- 
nia and Conway Tubular Bridges. 

BRICK AND SrONB VIADUCT. 

The brick viaduct at Maidenhead^ constructed by Mr. Brunei 
over the Thames on the Great Western Railway, is one of 
the finest specimens of that material. It consists of two ellip- 
tical arches, each 128 feet span, with a rise of 24} feet ; the 
pier between the two arches is 30 feet in width; each arch, 
at the crown, is 5 j- feet in thickness, which increase gradually 
towards the abutments. Besides these two splendid arches^ 
there are eight others, each of 28 feet span, four on each 
bank of the river. 

The stone viaduct over the OusCy near Vorky on the Great 
North of England Railway, is another specimen combining? 
great strength and elegance of construction. It consists of 
three arches, each 66 feet span, the width of the arches is 
28-^ feet, their thickness at the keystone 3-^ feet, which gradually 
increases towards the springing, and the piers are 10 feet in 
thickness. 

The Vale Royal stone viaduct^ over the river Weaver, on 
the Grand Junction Railway, has five arches, each 68 feet 
span, and 60 in height; the whole length of the viaduct is 456 
feet. In the same railway, over the Mersey and Travell Canal, 
there is a viaduct of 12 stone arches, the central two are each 
75 feet span, and the rest from 40 to 14 feet 

The Quaker's Yard viaduct, over the Taff, in the Taff 
Vale Railway, has six arches ; its height above .the river is 
100 feet, and its length 600 feet. There is another viaduct in 
the same line, at the conflux of the Rhondda and TafiP, having 
an arch 100 feet in span, and 60 in iieight. 

The Ouse Valley viaduct, in the London and Brighton Rail- 
way, is 1440 feet in length; it has 37 brick arches of 60 feet 
span, its height varying from 40 to 96 feet. 

The London and Greenwich Railway, and the London 

and South Western Extension are continuous viaducts; the 

former consists of more than 1000 brick arches, each 18 feet 

span, and 24 in height; the arches in the latter are a little 

wiJar, ha ving, besides, several elegant o\JV\^vi^ \^ciw arches, for 



APPENDIX. 231 

tbe purpo§e of crossing Westminster Boad and other principal 
streets. The former b about four miles in length, and the 
Litter nearly two miles. 

OBLIQDE OR SKEW BRIDGES. 

The Brampton vidducl, over the Gelt, in the Newcastle and 
Carlisle Railway, crosses the Gelt and a public road, at the 
height of 80 feet above the bed of the river. It consists of 
three stone arches of 33 feet in direct span, which are built at 
an inclination of 45°, thus making their oblique span nearly 50 
feet encb. 

The Fmrfi.ld Strtvi firiff^e, in the Manchester and Bir- 




mingham Railway, has an oblique span of 129^ feet, with a 
rise of 12 feet, and a direct width of 31 feet. It is composed 
of sis ribs of iron, projecting before each other 13 feet, on in- 
dependent abutments. Open wrought stone parapets crown this 
viaduct, presenting an agreeable and novel appearance. This 
bridjre was designed by Mr. G. W. Buck, being remarkable for 
its acute angle, which is only 24^°. The weight of the iroti in 
tbe six ribs or girders b 540 tons: the remainder of the via- 
duct consists of brick arches 45 feet in span, 

SoTE. OCber lia«a of railway present a great variety of then brEdgea, bnlh 
Of brick and iroo; aome of which itiaplsy great elegance of conBtnicdun. This 
kind of bridges, it ia Baiii, wae firaC introduced by Mr. Cliapman, a» cunal 
aqueducts in Ireland. 

HIGH LEVEL BKIBOE, NEWCASTLE-UPON-TYNE. 

This bridge is of cast iron, and torms the viaduct of the 
Great North of England Railway across the deep valley of the 
Tyne, In addition to the elegance and magnitude of this work, 
it has a common carriage way suspended beneath the nulway, 
thus giving it a decided claim to novelty of construction. 

Tbe number of its iron arches are six. Each arch consists 
of four i^ast iron ribs, having a span of 125 feet, rising 17^ in 
the centre. The ribs are disposed in pairs ; one pair on euch 
side of the carriage road. The carriage road is SOi^ feet wide. 
The foot roads (one between e&cb paw oi ivW^^i^^ftj^.-^-Asi- 
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Total width of railway 33 feet. Weight of iron in each arch 
576 tons ; in the whole structure about 5000 tons. Height 
from high water to level of rails 108^ feet ; to suspended car- 
i;iage road 85 feet; total height from bottom of river 128 feet 
Irength of bridge from the Castle Garth to Gateshead, inclusive 
of cast iron approaches, 1337^ feet, 

WOODEN BRIDGES. 

The Otiseburn viaduct^ in the Newcastle and North Shields 
Railway, has nine arches, of which two at the ends are stone, 
the other seven are of wood, on stone piers ; the three central 
arches are each 116 feet span, and the two others each 100 feet. 
The whole length of the viaduct is 756 feet, and its height 
above the stream in the centre is 180 feet. 

The WtlUngton Dean viaduct, in the last mentioned line, 
consists of seven wooden arches, of which five have a span of 
120 feet each, and the two exterior ones 115 feet each. The 
whole length of the viaduct is 1050 feet, and its height 82 feet. 

Wooden viaducts, on a smaller scale, abound in various lines 
of railway in this kingdom. — ^Wooden bridges on the lattice 
principle (first suggested by Mr. G. Smart, about 25 years ago, 
as applicable both to iron and wooden bridges), abound in the 
United States of America. One of them, over the Susque- 
hannah at Columbia, has 29 spans, each 200 feet wide, the 
whole \iaduct being about 1^^ mile in length. These viaducta 
can not be anticipated to be of long duration. The lattice 
principle has been considerable improved, and employed in 
wrought iron bridges by Mr. R. B. Osborne. This principle 
lias been still further extended by Mr. W. C. Harrison, by 
adding' tubular frames to the lattice work above and below, the 
upper one being bent like an arch. In a design made by him 
for a viaduct of this kind to carry a railway over the river Ouse, 
the span is 170 feet, and the rise of the arched tube above the 
horizontal one is 15 feet. The arched tube to be of wrought 
iron plates ^ an inch in thickness, and its section to be 4 feet in 
depth and 3 in width, the horizontal tube to be a little less. 
For a double line of railway three of these bow frames are re- 
quired. 
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ADDENDA TO THE METHODS OF LAYING OUT 

RAILWAY CURVES. 

Problem I. 

To join the itraight portion$ A B, C D 0/ a railway hy a 
terpentine curve F I N M, meeting AB at F between A and B, 
and CD at M between and D ; the distance B G and the z_8 ABC, 
BOD being given, to find the common radius G I = I H. 

Take the cotangents of half the angles ABC, BCD to 
rad. = I ; then as the sum of these two cotangents is to the 
cotangent of half ABC to. rad. = 1, so is B C to B I ; hence 
BC-BI = IC. 

In the triangle B C I ; as sin. Z B G I is to sin. z. G B I, so 
iBBItoGI = IHy the common radius. 

Example. 

Let the angle A B C = 71° 40', the angle B C D = 129° 15*. 
and the distance BC ='95 chains: required the length of the 
radius G I = I H of the serpentine curve for uniting A B to C D. 

Here the cotangents of half the angles A B C, B C D to rad. 
=: 1 are respectively 1*384:8 and 4743, their sum being 1-8591. 
Then as 1-8591 : 1-3848 :: 95 : 70-76 chains = BL Whence 
BC-B1 = 95- 70-76 = 2424 chains = I C. 

Again, as sin. BGI is to sin. GBI, so is 70*63 to 51*09 chains 
=s G I = I H, which is the common radius of the required ser- 
pentine curve. 

Problem II. 
To lay out a railway curve by means of tangental angles, 

Tliis method, already noticed in the note to Problem IV., 
p. 169, is preferred by many eminent engineers, where the ground 
on which the curve is to be laid out is level and free from 
numerous obstructions, except such as do not fall on the curve 
itself ; I shall therefore give it more in detail than in the note 
referred to. 

If from any point B, in a straight line AD, we lay off 
any number of equal angles, as DBS, 8 B T, T B U, Ac, 
making the chords B S, ST, TU, &c., equal to each other; 
then the points B, S, T, U, (fee, will be situated in the circum- 
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ference of a circle, which is tangental to the line A D at th^ 
point B. 

Fix the theodolite at B, and lay ofif the tangental angle D B S» ^ 
the chain being extended from B to S to meet the viBual line B S ; 
in the same manner lay ofif the other angles 6 B T, T B U, &c., 
till the fourth point V is reached. If any obstruction , as H", 
should prevent our seeing from B further than to V, the curve 
may be continued by removing the instrument to U, the poiuc 
preceding V ; thence sighting: first on V, continue to lay off 
additional tangental angles V U W, W U X, &c., as before. 
Otherwise, moving the instrument to V instead of U, sight back 
to U, and lay off first the exterior angle P V W equal to double 
the tangental angle (P being in U V prolonged), and afterwards 
continue the tangental angles W V X, X V Y, (fee, as before, 
to the end of the curve. 

Finally, in order to pass to the end of the curve at Y to a 
tangent Y Z, place the instrument at Y, and sighting back to X, 
lay off the tangental angle X Y ; then Y continued towards 
Z will be the required tangent to the curve. 

The method of finding l^e quantity of the tangental angles is 
given in the note, p. 169. 



ON THE DIVISION OP LAND. 

Three straight fences W X, X Z, Z Y are given in position ; 
there is a well at W, and it is required to substitute a new 
straight fence W Y instead of X Z, that the ground on both 
sides of the divisional fence may have the use of the well ; the 
value of the land on the side WX Z is to that on the side X Z Y 
as m to n per acre : required the position of the new fence W Y, 
that the proprietors on each side of it may neither gain nor lose 
by the change of boundary. 

Let the required straight fence WY cut XZ in P; draw W Q 
parallel to YZ, meeting XZ in Q; then Q is a given point, 
and the area W Q X is also given, which put = A, also put 
Z Q = a, QW = 6, QP = cc, and the sine of the angle Z = 
sine of the angle Z Q W == 6 ; then from the nature of the 
problem we readily obtain the following quadratic equation : 

, . 2(nahd+ Am) na^bd ^ 

Z 4- — ^ X : = U. 

^ bO(m-n) 6«(m-n} 
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From this equation the value of « sa Q P may be readily 
found, which determines the position of the point P, through 
which the new fence W Y must pass. 

The quantity A must be regarded as positive or negative, 
accordingly as the point Q falls in the fence X Z, or in its pro- 
longation to the other side of X W. 

CorolUvry 1. — ^When the land on both sides of X Z is of equal 
value ; then m =3 n, and the second power of x in the preceding 
aquation will vanish, and 

^^ ' 2(a66±A) 

CoroUary 2. — When Y Z is parallel to X W, Q will coincide 
with X, and A will vanish ; whence 

QP«»^=:^a»|XZ. 

NoTi. Changes of boundaries of this kind are freqaently required, not only 
for the advantages of wells or watering places, but also for ready access to more 
convenient roads, &o. This important article was inadvertently omitted in the 
previous editions of this work. 
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Acute angled triancle, 2. 

Angle, definition of, 1 ; measure of an, 8 ; 
to meaaore an, contained by two stndght 
lines, 7 ; to set off an, to contain a given 
number of degrees, 7. 

Angle, acute, 1 ; obtuse, 1 ; right, 1. 

Angles vertically opposite are equal : the- 
orem, 8. 

Baker's plans for laying out railway 
curves, 179. 

Barometer, levelling by the, 157. 

Beam compasses described, M. 

Bench mark defined, 188. 

Bletchingly tunnel, 192. 

Box sextant, 71 ; method of using, 73 ; 
ellimation of the parallax, 73 ; for btying 
off long offsets mom a station line, 74 ; 
to obtun the angle subtended by two 
objects in the same horizontal plane, 
73 ; to obtain the angle subtended by two 
objects In the same vertical plane, 78. 

Box tunnel, 191. 

Brick and stone viaducts, 220; brick via- 
duct at Maidenhead, 220; London and 
Greenwich Bailway, 220; Ouse Valley 

~ viaduct, 220; Quaker's Yard viaduct, 
220; South-Westem Extension Bail- 
way, 220 ; stone viaduct over the Ouse, 
220 ; Vale Bo^ stone viaduct, 220. 

Bridge, Britannia, '217 ; Ckmway suspen- 
sion, 219 ; OainsborouAh, 219. 

Bridges, iron tubular girder, 219 ; lattiee, 
2S&; oblique, or skew, 221; railway, 
217 ; tubular, and other girder, 317 ; 
wooded, 222. 

Britannia bridge, description and dimen- 
sions, 217* 

Casting, computation of area by, 88. 
Centrifugal force of trains in railway 



having more than four sides, 42; ex- 
amples, 48; defects of the conmion 
method, 45; to survey lakes, 48; to 
survey lai;^ estates by the, 58; to 
survey parishes with ttie, 58; to sur- 
vey swampy ground, 48; to survey tri* 
angular fields, 35 ; to find the area of 
triangular fields, from the three sides, 
86 ; to find the area of triangular fiedds 
by casting, 88 ; to survey woods with 
the, 48; method of measuring hilly 
ground, 52; examples, 68; to erect a 
perpendicular with the, 32 ; to find the 
width of a river that the chain wiU not 
reach across, 85 ; to measure aline im- 
peded by an object not obstructing the 
sight, 83; to measure a line im^ded 
by an object obstructing the sight, 33; 
table showing the reduction in links, 
&c., upon every 100 links, for every half 
degree of inclination, 52. 

Chain and cross, to survey with the, 15; 
to survey fields ineluded by any number 
of srooked or curved sides, 24; to sur- 
vey fields eontained by more than four 
sides, 20 ; examples, 21 ; to survey fields 
in the form of trapeziums, 18 ; to survey 
square and rectangular fields, 15; ex- 
amples, 16 ; to survey triangular fiel^ 
17; examines, 18; to measure a line 
across a wide river, 81 ; to find the area 
of a piece of land, tiie dimensions being 
given, 30; to find the area of a segment 
of a circle or any other curvilineal 
figure, 29. 

Chord defined, 3. 

Circle, definition of a, 8; chord, 8; cir- 
cuinf erence, 3 ; divisions of a, 3 ; radius, 
3; sector, 3 ; segment, 8. 

Circular protractor, 13; described, 79; 
method of using, 80. 

Circumference defined, 3. 

Compass, prismatic, described, 69. 

Compasses, beam, 64 ; drawiiuz, 11 : hair, 
U. 
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Conway suroennon bridge, 219; tabular 
bridge, 219. 

Copying, methods of, 67. 

Cop3ring by squares, 68. 

Crooked fences, use of parallel rules in 
reducing to straight ones, 54. 

Cross defined, 9. 

Curvature, correction for, 181. 

Curve rulers, 158. 

Carves, railway, examples of the expen- 
sive severance of pn^rty by improperly 
setting out, 174 ; laying out, 158 ; limits 
of, 159 (see also Bailway Curves). 

Cuttings, railway, setting out, 182 ; level 
book used in setting out, 187. 

Cutting, railway, to find the surface width 
of a, when the ground is very uneven, 
] 86 ; to set out the width of a, when the 
surface is laterally level, and at a given 
height above the formation level, 182 ; 
to set out the width of a, when the 
ground is laterally sloping, 183 ; to set 
out the width when it consists partly 
of a cutting and partly of an em- 
bankment, 185 ; to find the contents 
of a, 193 ; erroneous methods of Mr. 
BashforUi, &c., 200;^ remarks' on the 
methods of Bashf orth and others, 203 ; 
tables for finding the contents of, de- 
scribed, 193 ; to find the content of, the 
areas, its length, bottom width, and 
ratio of the slopes being given, 197 ; to 
find the content of, when the ratio of the 
slopes of the two sides are given, 200 ; 
to find the content of, when each of the 
ndes have two different ratios of slope, 
199 ; to find the content in cubic yaids, 
the depths, width, and ratio of slopes 
being given, 196 ; to find the quantity 
of a cutting of a tunnel, 200. 

Datum line defined, 136. 

Degrees defined, 3. 

Difuneter of a circle defined, 3. 

Division of land (see Land, laying out and 

dividing). 
Drawing^compasses, 11. 

Equilateral triangle, 2. 

Engineering surveying, 126; levolliiig, 
126 ; method of laying out gradients, 
153; method of laying out railway 
curves on the ground, 158 ; methods of 
finding the contents of railway cuttings, 
193; on setting out the surface widfth 
of railways. 182 ; tunnelling, 189 ; pro- 
blems and formulae of utility in, 205. 

Engineering surveys by the theodolite, 
89 ; to survey woods, lakes, harboius, 
&c., 90 ; method of taking the angles, 
91; planning and proving the work, 92; 
to survey roads and rivers, 93 ; to sur- 
vey a town, 95. 

Estates, method of surveying large, by 
the chain, 58. 

Fences, use of the parallel ruler in re- 
ducing crooked to straight ones, 54. 



Field book, description and use, 14 ; Bod- 

ham's improved, 81. 
Figure, quadrilateral, 2. 

Ghainsborough bridge, 219. 

Geometrical theurenis, 8. 

Gradient defined, 153. 

Gradients, method of layinff out, 153; 

propriety of making the, siuwervient to 

economy, 155 ; rate of inclination, 155 ; 

mle for finding the rate of inclination, 

155; example, 156. 
Gravatt's level, 129. 
Guess lines described, 117 n. 
Gunter's chain, 9. 

Hair compasses, 11 ; to take a distance 

with, 12. 
Heptagon, 3. 
Hexagon, 3. 

Iron tubular girder bridges, 219; Gains- 
borough bridge, 219. 
Isosceles triangle, 2. 

Kilsby tunnel, 191. 

Lakes, method of surveying, 48, 93. 

Land, to calculate the, required for a rail- 
way, 188 ; division of, 226 ; Acts of Par- 
liament relating to the division of, 125 : 
division of among various claimants, 
112; to divide a rectangular piece of 
ground among any number of claimants, 
112 ; examples, 113 ; to divide a tri- 
angle equally or unequally, 113; ex- 
ample, 114 ; to divide an irregular field 
among sundry claimants, 115 ; to set 
out from a field a quantity of land that 
shall have a given value, 117 ; to divide 
a conomon of uniform value, 122; to 
divide a conunon of variable value, 123 ; 
method of setting out roads, quarries, 
&c., previous to enclosing commons, 
&c., 123 ; method of dividing the re- 
maining part of the common, 124 ; to 
divide from a field or conunon any quan- 
tity of land, 110 ; to divide a quantity of 
land from a triangle, 108. 

Land, laying out, 100 ; to lay out a given 
quantity m a circular form, 106 ; ex- 
amples, 106; to lay out a given quantity 
in die form of an ellipse, 107 ; to lay off 
any quantity from an irregular field, 
108 ; examples, 109 ; to lay out a pro- 
posed quantity in the form of a rect- 
angle, 101 ; to lay out a given quantity 
in the form of a rectangle, the len^h 
of which shall have a given proportion 
to its breadth, 102 ; to lay out a given 
quantity in a regular polygon, 105 ; ex- 
amples, 106 ; to lay out a rhomboid of 
given area, 104 ; examples, 105 ; to lay 
out a given quantity of land in the 
form of a square, 100 ; examples, 101 ; 
to lay out a tn^zium of a given area, 
104 ; to lay out a triangle of given area 
and base, 104. 

11 



230 



INDEX. 



Lnndownerg, exactions of, 178. 

Land surveying, 1 ; instruments used in, 
9, 62; metliods of dividing land, 112; 
methods of laying out land, 100 ; railway 
surveys, 88 ; to survey with chain and 
cross, 15 ; to survey with chain alone, 
32; to survevwith the theodolite, 89; 

' problems and formulae of utility in, 205. 

Lattice bridges, 222. 

Laying out and dividing land (see Land, 
laying out and dividing). 

Level book, examples of, 145, 148, and 153; 
examples of, for running or check levels, 
142 ; practical, 137 ; used in setting out 
curves, 187. 

Levelling defined, 126; by the barometer, 
157 ; cross levels, 148 ; example of level 
book, 148 ; datum line defin^ 136 ; ex- 
ample of level book, 136 ; levels for the 
formation of a section, 144 ; example of 
level book for plotting the section, 145 ; 
levels for the formation of a section : to 
draw the section, 147; operation of 
levelling, 139 ; parliaments^ plans and 
sections, 149 ; practical level book, ex- 
ample of, 137 ; principles of levelling, 
133 ; to find the difference of levels of 
several points, 133; examples, 134; to 
draw a sectional line in the earth's sur- 
face, the levels of which have been 
taken, 135 ; running a check level, 138 ; 
example of level book for ditto, 142 ; 
working section, 149; example of level 
book for plotting the working section, 
153. 

Levelling instruments described, 126. 

Levelling staves, 131. 

Levelliujo; with the theodolite, 156. 

Levels, Gravatt's, 129 ; Troughton's, 128 ; 
water, 130 ; Y, 126. 

Line, defined, 1 ; a right line cutting two 
parallel right lines, make the alternate 
angle equal : theorem, 8. 

Linear measures, table of, 15. 

Lines on the ground, directions for mea- 
suring, 10. 

Lines, parallel, defined, 1. 

Lodsworth, method of surveying the 
parish of, 61. 

Magnetic meridian, 70 n. 
Measure of an angle, 3. 
Meres, method of surveying, 93. 
Minutes defined, 3. 

Oblique or skew bridges, 221 ; Brampton 
viaduct, 221 ; Fuifield Street bridge, 
221 ; High-level bridge, Newcastte-on- 
Tyne, 221. 

Obtuse angle, defined, 1. 

Obtuse angled triangle, 2. 

Octag<»i defined, 3. 

Offset staff described, 9. 

Optical square, 74. 

Pantagraph described, 65; method of 
usJng the, 66. 



Parallel lines defined, 1. 

Parallel- ruler, use of the, 54; to draw an 
equalising line through a crooked fence, 
67 ; to reduce a curved ofbet piece to a 
right-angled trian^e, 55 ; to reduce an 
offset piece to a n^t-angled triangle, 
54; to reduce an irre^gular field to a 
trapezium, 56. 

Parallelogram having a given length and 
breadth, to describe a, 6. 

Parishes, method of surveying with the 
chain, 58. 

Pentagon defined, 3. 

Plane defined, 1. 

Plane triangle defined, 2. 

Planning extensive surveys, general di- 
rections for, 80. 

Planning surveys, 14. 

Plans, description of, 86. 

Plotting scales, description and use, 12. 

Plotting surveys, instruments for, 11. 

Ponds, method of surveying, 93. 

Point defined, 1 ; from a given point to 
let fall a peri>endicular, 5. 

Polyg^ons described, 3. 

Practical geometry, problems in, 4. 

Prismatic compass described, 69. 

Protractor, description and use, 18. 

Protractor, circular, 13. 

Quadrant, 3. 
Quadrilateral figure, 2. 

Radius of a circle, 3. 

Hallway, to calculate the land required 
for a, 188. 

Bailway bridges, 217. 

Railway curves, 158 ; examples of expen- 
sive sev^nnce of property by improperly 
setting out curves, 174 ; form of, 158 ; 
limit of, 159 ; mechanical, 158 ; method 
of laying out, 158; necessity of, 158; 
practice of engineers in .the adoption of, 
176; table of offsets for, 223 ; table of 
radii of, on the Taff Vale Railway, IZJ ; 
use of curves to avoid valuable property, 
177; the position of two stn^ht por- 
tions of a railway being given, to deter- 
mine the radius of the curve that joins 
them, 169 ; the starting-point of a curve 
being given, to find its radius, 160. To 
lay out a curve on the ground by the 
common method, 162; example, 163. 
To lay out a curve on the ground by 
offsets from its tangents, 166: — I. When 
the length does not exoeed one- fourth 
of its radius, 164; II. When it is any 
required length, 166; HI. When the 
curve is set oat from several tangents, 
to make the first and last offsets on any 
two consecutive tangents meet at one 
point in the curve, 167. To lay the 
curve where obstructions, such as water, 
&c., prevent the use of the chain, 16 S : 
I. When the points in the curve are 
»nv assumed distance apart, 168; II. 
When the pomts are at a given dis 
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tanee apart, 199. To lay out a cntve 
by mean* of tangental an^es, 226 ; to 
set oat the curves b^ offsets from its 
chord, where obstructions on its convex 
side prevent the use of other methods, 
170 ; to set out the curve by means of 
artiflcial objects, 170; when the map is 
incorrect, to Hnd the radius of the curve 
by measurement on the ground, 161; 
when the map is inccnrect. and the tan- 
gents cannot be prolonged on account 
of obstructions, to find ue radius, 161. 
Centrifugal force of trains in, 214: for- 
mula for the super-elevation of the 
exterior rail in, 215; table of the 
super-elevation of the exterior rail in, 
216. 

Kailway curves, compotund, S, or serpen- 
tine, 158 ; to determine one of the two 
radii of a compound curve by calcula- 
tion, 172 ; to find the radii of the com- 
pound curve by curve rulers, 171; to 
find the radii of the serpentine curve 
mechanically, 172; to find one of the 
radii of the serpentine curve by calcu- 
lation, 178 ; to join the straight portions 
of a railway by a serpentine curve, 225 ; 
to make a deviation from a straight 
line, by three curves, that an obstruc- 
tion may be avoided, 174. 

Bectan^le, 2. 

Refraction, correction for, 132. 

Rhomboid, 2. 

Rhombus, 2. 

Right angle defined, 1. 

Right-angled triangle, 2. 

Right line, 1. 

Rivers, method of surveying with the 
theodolite, 93. - 

Rodham's improved field-book, 81; ex- 
ample of entries in, 83; method of 
using, 82. 

Ruler, parallel, use of, 54. 

Rulers, curve, 158. 

Saltwood tunnel, 192. 

Scale, vernier, &2. 

Scales, plotting, description and use, 12. 

Seconds defined, 8. 

Semi-circle, 3. 

Serpentine curve, 158. 

Sextant box, 71 (see also Box Sextant). 

Skew bridges, 22. 

Square, 2. 

Square measures, table of, 15. 

Square, optical, 74. 

Square, to construct a, whose side shall 
be of a given length, 6 ; to make a, 
•qmal to a given rectangle, 7. 

Squares, cop\nng by, 68. 

Staff offiset described, 9. 

Straight line defined, 1 ; to divide a straight 
line into two equal rarts, 4 ; to draw two 
straight lines parallel to each other, 4; 
through a given point to draw a straight 
line parallel to a given ditto, 4; from a 
point in a straight line to erect a per- 
pendicular, 4. 



Surface defined, 1. 

Surface widths of railways, setting out 
the, 182. 

Surveys, directions for plotting, from the 
vernier scale, 68; instruments for plot- 
ting objects of, 87 ; planning, 14. 

Table of correction for curvature and 
refraction, 224; of linear measures, 15 ; 
of ofbets for railway curves, 223; of 
regular polygons, 1U5; showing the 
reduction to be made for a rise from 
1 to 20 feet in each chain's length, 147 ; 
showing the reduction in links, &c., 
upon 100 links of chain for every half 
degree of inclination from 3** to 20** SO*, 
52 V of square measures, 15. 

Theodolite described, 74 ; adjustment of 
the horizontal limit, 77 ; adjustment of 
the telescope for parallax and collima- 
tion, 76; adjustment of the vertical 
limb, 77 ; to take an horizontal angle 
with the, 78 ; to take a vertical an^e, 
79; leveUing with the, 156. 

nieodolite surveying, 89; rivers, 93; 
roads, 94; to survey a city or town, 95; 
to determine the position of several 
distant points, 97 ; to survey a district, 
where obstructions occur, for a railway, 
canal, &c., 99; to survey woods, 90; 
taking the angles, 91 ; example of field 
book, 91 ; planning and 'proving the 
work, 92. 

Theorems, geometrical, 8. 

Tiliington, method used to survey the 
parish of, 60. 

Tracing described, 67. 

Trapezium, 2 ; to ilnd the area when its 
four sides are given, 206 ; to find the 
area, when its two diagonals and the 
angle of their intersection are given, 
206 ; to make a triangle equal to a, 6. 

Trapezoid, 3; the base and two perpen- 
diculars being given, to construct a, 6. 

Tziangle, acute-angled, 2; equilateral, 2 ; 
isosceles, 2 ; obtuse-angled, 2 ; plane, 2 ; 
right-angled, 2. 

Triuigle, any two sides being given the 
third becomes known: tneorem, 8; 
the greatest side of any triangle is 
opposite to the greatest angle : theorem, 
8; to construct a triangle with three 
given right lines, any two of which 
must be greater than the third, 5 ; to 
construct a triangle, tlie base and per- 
pendicular, and position of the latter, 
being given, 5; to find the area of a 
tringle when two of its sides and their 
included angle are given, 205 ; to find 
the area of a triangle when two of its 
angles and their included side are 
given, 205; to find the area when the 
three sides are given, 206. 

Troughton's level, 128. 

Tubular and other girder bridges, 21 7. 

Tunnellingdescrib^, 189 ; when the tunnel 
is curved, 190; depth and width, 191 ; 

. Bletchingly tunnel, 192 ; Box tunnel. 
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191; Kilsby tunnel, 191; Saltwood tun- 
nel, 192 ; Watford, 192. 
Tunnels, 156; length and depth of, 156. 

Variation of the compam, 70 n. 

Vernier scale, 62; examples of its use, 

68 ; directions for plotting surveys from 

the scale, 63. 
Viaducts, brick and stone, 220. 

Water level described, 130. 
Watford tunnel, 192. 



Wooden bridges, 222; Onseboom viaduct, 
222; Willugton Dean viaduct, 222. 

Woods, to survey with the chain, 48 ; with 
the theodolite, 90. 

Woolbedding, system of surveying the 
parish of, 60. 

Y level described, 126; adjustments, 127; 
adjustment of the bubble tube, 127; 
adjustment for parallax and collimar 
tion, 127 ; adjustment of the axis of the 
telescope perpendicular to the vertical 
axis, 128. 



THE END. 
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PBIZE KESAL, rRTEBirATIOIIAIi TnCTTTBITIOS, 1882, wu 

«WMd«d to H««in. VLUTUE lor Um "pablication of 

Weftla'f ttain." 




RUDIMENTARY, SCIENTIFIC, EDDCATIONAL, AND 
CLASSICAL WORKS, 

FOR COLLEGES, HIGH AND ORDINARY SCHOOLS, 

AND SELF-INSTRUCTION; 

MECHASICS- INSTITUTIONS, PEEE LIBRABIES, ke. &o., 



VIRTUE BEOTHERS ft CO., I, AUEK COEITXB, 

PATEENOSTER ROW, LONDON. 



The I^iblie ere re^iectfuUy informed that the whole of the 
late Ma, Wealb'b rublications, ctnitained t'n thefoUowaig Cata- 
logue, haoe been ]nireha»ed by ViBTmi: BnoTHEaB & Co., and 
that all future Orderi mli be evpplied bt/ ihem at 1, Ambn 
COKITGB. 

*■■ Additioiua Volnmw, by Fopnlu Anthon, an in Fnpanitiaii. 

RUDIMENTARY SERIES. 
2. NATUEAL PHrLOSOPHT, by Charles TonJinBon. If, 
12. PHEUHATIC8, by Cbsrlee TomlinBon. 1». 
20. PEKSPECTIVE, by George Pyne. 2». 
37. PAINTmSi or. A QBAMMAE OB COLOURING, by G. 

Field. &. 
40. GLASS STAmiNQ, by Dr. M. A. Gessert, With an Appettaii 

on the Art of EnomelliDg. \l. 
Btflvnitr, Uis. 



SCIENTIFIC AND MECHANICAL WOKKS. 



41. PAINTINa ON GLASS, from the German of Fromberg. 1*. 

60. LAW OF CONTRACTS FOB WORKS AND SERVICES, 
by David Gibbons. Is, 

66. CLAY LANDS AND LOAMY SOILS, by J. Donaldson. U. 

69. MUSIC, Treatise on, by C. C. Spencer. 25. 

71. THE PMNOFORTE INSTRUCTIONS, by C. C. Spencer. I5. 

72. RECENT FOSSIL SHELLS (A Manual of tlie Mollusca), 

by S. P. Woodward. 5^. Qd, 

In cloth bodrds, 68. 6d. ; half morocco, Is. Qd. 

79**. PHOTOGRAPHY, a Popular Treatise on, from the French 
of D. Van Monckhoven, by W. H. Thomthwaite. Is. Qd. 

96. ASTRONOMY, by the Rev. R. Main. Is. 

107. METROPOLITAN BUILDINGS ACT, and THE METRO- 

POLITAlf ACT FOR REGULATING THE SUPPLY 
OF GAS, with Notes, by D. Gibbons and R. Hesketh. 28. 6d. 

108. METROPOLITAN LOCAL MANAGEMENT ACTS. I*. 6d. 

108». METROPOLIS LOCAL MANAGEMENT AMENDMENT 
ACT, 1862; with Notes and Index. Is. 

109. NUISANCES REMOVAL AND DISEASE PREVENTION 

ACT. Is. 

110. RECENT LEGISLATIVE ACTS applying to Contractors, 

Merchants, and Tradesmen. Is, 
113. USB OF FIELD ARTILLERY ON SERVICE, by Jaubert, 
translated by Lieut.-Col. H. H. Maxwell. Is, 6d, 

113*. MEMOIR ON SWORDS, by Marey, translated by Lieut.-CoL 
H. H. Maxwell. Is, 

140. OUTLINES OP MODERN FARMING, by R. Scott Bum. 

Vol. I. Soils, Manures, and Crops. 2s, 
141. Vol. n. Farming 

Economy, Historical and Practical. 3s, 

142. yol. HL Stock- 
Cattle, Sheep, and Horses. 2s, Qd, 

145. . Vol. IV. Manage- 
ment of the Dairy — Pigs — ^Poultry. 2s, 

146. ; — ; Vol. V. Utilisation of 

Town Sewage — Irrigation — Reclamation of Waste Land. 2s. Qd. 
The above 5 v<^. bound in 2, cloth boards, 148. 

150. A TREATISE ON LOGIC, PURE AND APPLIED. By 
S. H. Emmens, Esq. Is. 6d, 

VIRTUE BROTHERS <fe CO., 1, AMEN CORNER. 



SCIENTIFIC AND MECHANICAL WORKS. 8 

151. A HANDY BOOK ON THE LAW OF FEEENDLY, IN* 

DUSTELAL AND PEOVIDENT, BUILDING AND LOAN 
SOCIETIES. With Copious Notes. By Nathaniel White, 
Esq., of Her Majesty's Civil Service. Is. 

152. PEAOTICAL HINTS FOE INVESTTNG MONEY :7 with 

an Explanation of the Mode of Transacting Business on the 
Stock Exchange. By Francis Playford, Sworn Broker.^l*. 



PHYSICAL SCIENCE. 

; 1. CHEMISTEY, by Prof. Fownes, including Agricultural Che- 
mistry, for the use of Farmers. Is, 

3. GEOLOGY, by Major-G«n. Portlock. Is. Gd, 

4. MINEEALOGY, with a Treatise on Mineral Eocks or Aggre 

gates, by Dana. 2s, 

7. ELECTEICITY, by Sir W. S. Harris. Is, Gd, 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTEICITY, 
by Sir W. S. Harris. Is, Qd,] 

8. MAGNETISM, Exposition of, by Sir W. S. Harris. Ss. 6d, 
11. ELECTEIC TELEGEAPH, History of, by E. Highton. 2s. 

133. METALLUEGY OF COPPEE, by E. H. Lombom. 2s, 

134. METALLUEGY OF SILVEE AND LEAD, by E. H. Lam- 

born. 2s, 

135. ELECTEO-METALLUEGY, by A. Watt. 1*. Qd, 

138. HANDBOOK OF THE TELEGEAPH, by E. Bond. 1*. 

143. EXPEEIMENTAL ESSAYS— On the Motion of Oamphc 
and Modem Theory of Dew, by C. Tomlinson. Is, 



BUILDING AND ARCHITECTURE. 

16. AECHITECTUEE, Orders of, by W. H. Leeds. 1*. 

17. Styles of, by T. Buiy. Is, ed. \< 

18. Principles of Design, by E. L. Ckurbett.^ 2s. 

22. BUILDING, the Art of, by E. Dobson. Is. 

23. BEICK AND TILE MAKING, by E. Dobson. 2s. 

25. MASONEY AND STONE-CUTTING, by E. Dobson. 2s, 

30. DEAINING AND SEWAGE OF TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 2s, 
(With No. 29, Drainage op Land, 2 toIs. in 1, 3*.) 

VIRTUE BROTHEKS & CO., 1, AMEN CORNER. 



4 SCIENTIFIC AXD MECHANICAL WORKS. 

« 

_ 

35. BLASTINa AND QUAERYXNG OF STONE, AND BLOW-' 

ING UP OF BEEDGES, by Lt.-Gen. Sir J. Burgoyne. Is. 6d. 

36. DICnONABY OF TERMS nsed by ArchitectB, Builders, 

Engineers, Suireyors, &c. 4s. 

Li cloth boards, 5s. ; half morocco, 6«. 

42. COTTAGE BUILDING, by C. B. AUen. 1*. 

44. FOltNDATIONS and CONCRETE WORKS, by E. Dobson. 1*. 

46. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, 
&c., by G. B. BumelL Is. 

67. WARMING AND VENTILATION, by C. Tomlinson. 3^. 

83**. CONSTRUCTION OF DOOR LOCKS, by C. Tomlinson. 
1*. 6d. 

111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. Is. Gd. 

116. ACOUSTICS OF PUBLIC BUILDINGS, byT.R. Smith. Is.Qd. 

123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. ls.6d. 

123*. ILLUSTRATIVE PLATES to the preceding. 4to. 4s. ed. ' 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. Is. Gd. 

124*. IRON ROOFS of Recent Construction— Descriptire Plates. 
4to. 45. 6d. 

127. ARCHITECTURAL MODELLING, Practical Instoictions, 

by T. A. Richardson. 1^. Qd. 

128. VITRUVIUS'S ARCHITECTURE, translated by J. Gwilt, 

with Plates. 6^. 
130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

132. ERECTION OP DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s, 6d. 



MACHINERY AND ENGINEERING. 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. 1*. 

34. STEAM ENGINE, by Dr. Lardner. 1*. 

43. TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Conway Bridges, by G. D. Dempsey. h, 

m 

VIRTUE BROTHERS & CO., 1, AMEN CORNER. 



SCIENTIFIC AND MECHANICAL WORKS. S 

47. LIGHTHOUSES, their Construction and Illumination, by Allan 
StevenBon. 3s. 

69. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. Is. Qd, 

62. RAILWAYS, Construction, by Sir M. Stephenson. 1«. 6<i. 

62*. RAILWAY CAPITAL AND DIVIDENDS, with Statistics 
of Working, by E. D. Chattaway. Is. 

(Vols. 02 and 62* bound in 1, 2s. 6d.) 

67. CLOCK AND WATCH MAKING, and Church Clocks and 
Bells, by E. B. Denison. 3s. 6^. 

78. STEAM AND LOCOMOTION, on the Principle of connecting 
Science with Practice, by J. Sowell. 2s. 

78*. LOCOMOTIVE ENGINES, by G. D. Dcmpsey. Is. Qd. 

79*. ILLUSTRATIONS TO THE ABOVE. 4to. 4s. 6d, 

98. MECHANISM AND CONSTRUCTION OF MACHINES, 
by T. Baker ; and TOOLS AND MACHINES, by J. Nasmyth, 
with 220 Woodcuts. 28, Qd. 

1 14. MACHINERY, Construction and Working, by C. D. Abel. Is. Qd, 

115. PLATES TO THE ABOVE. 4to. 7s. Qd. 

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. Is. 



CIVIL ENGINEERING^ &c. 

13. CIVIL ENGINEERING, by H. Law and G. R. Bumell. 4s. 6d 

29. DRAINING DISTRICTS AND LANDS, by G. D. Dempsev. Is. 
(With No. 30, Drainage and Sewage of Towns, 2 vols, in 1, 3s.) 

31. WELL-SINEING, BORING, AND PUMP WORK, by J. G. 
Swindell, revised by G. R. JBurneU. Is. 

46. ROAD-MAKING AND MAINTENANCE OF MACADA- 
MISED ROADS, by Gen. Sir J. Burgoyne. Is. 6df. 

60. LAND AND ENGINEERING SURVEYING, by T.Baker. 2s. 
VIRTUE BROTHERS & CO., 1, AMEN CORNER. 



6 SCIENTIFIC AND MECHANICAL WORKS. 

63. AGEICULTUEAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD ENGINES, MACHINERY, AND 
IMPLEMENTS, by G. H. Andrews. 3*. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. Is. 

80*. EMBANKING LANDS FROM THE SEA, by J. Wiggins. 2^. 

82. WATER POWER, as applied to MiUs, Sm., by J. Glynn. 2^. 

82**. GAS WORKS AND MANUFACTURING COAL GAS, by 

S. Hughes. 3^. 

82***. WATER-WORKS FOR CITIES AND TOWNS, by S. 
Hughes. 3^. 

117. SUBTERRANEOUS SURVEYING, AND RANGING THE 

LINE without the Magnet, by T. Fen wick, with Additions 
by T. Baker. 2^-. 6d, 

118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. Bs. 

120. HYDRAULIC ENGINEERING, by G. R. BurncU. 3^. 

121. RIVERS AND TORRENTS, and a Treatise on NAVI- 

GABLE CANALS AND RIVERS THAT CARRY SAND 
AND MUD, from the Italian of Paul Frisi. 2s, Qd, 

125. COMBUSTION OF COAL, AND THE PREVENTION 
OF SMOKE, by C. Wye Williams. 3^. 



SHIP-BUILDING AND NAVIGATION. 

51. NAVAL ARCHITECTURE, by J. Peake. 3^. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 
of, by Captain H. A. Sommerfeldt. Is, 

53**. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 
Practice. 4to. 7s. 6d, 

54. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 
by R. Kipping. Is, Gd, 

51». IRON SHIP-BUILDING, by J. &rantham. 25. Gd, 
VIRTUE BROTHERS & CO., 1, AMEN CORNER. 



NEW SERIES OF EDUCATIONAL WORKS. 



64*». ATLAS OP 24 PLATES to the preceding. 4to. 228, 6d. 

65. NAVIGATION ; the Sailor's Sea Book : How to Keep the Loff 
and Work it off, &c.; Law of Storms, aud Explanation of 
Terms, by J. Ghroonwood. 2s, 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by R. Murray. 2s, Qd, 

83 ins. SHIPS AND BOATS, Forms of, by W. Bland. 1*. 

99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. R. 
Yoong. 28, 

100*. NAVIGATION TABLES, for Use with the above. U, Gi. 

106. SHIPS* ANCHORS for aU SERVICES, by G. CotselL 1*. Gd. 

149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 25. Od, 



ARITHMETIC AND MATHEMATICS- 

6. MECHANICS, by Charles Tomlinson. Is, 

32. MATHEMATICAL INSTRUMENTS, THEIR CONSTRUC- 
TION, USE, &o., by J. F. Heather. Is, 

61*. READY RECKONER for the Measurement of Land, Tables 
of Work at fropi 2s, Gd, to 205. per acre, and valuation of 
Land from £1 to £1,000 per acre, by A. Arman. Is, Gd, 

76. GEOMETRY, DESCRIPTIVE, with a Tlieory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 28, 

83. BOOK-KEEPING AND COMMERCIAL PHRASEOLOGY, 

by James Haddon. Is, 

84. ARITHMETIC, with numerous Examples, by J. R. Young. 

Is, Gd, 

84*. KEY TO THE ABOVE, by J. R. Young. Is, Gd, 

VIRTUE BROTHERS <t CO., 1, AMEN CORNER. 



8 NEW SEKIES OF EDUCATIONAL WORKS. 

85. EQUATIONAL ARITHMETIC : Tables for the Calculation 

of Simple Interest, with Logarithms for Compomid Intereeti 
and Annuities, by W. Hipsley. 2s, 

86. ALGEBRA, by J. Haddon. 28. 

86*. KEY AND COMPANION TO THE ABOVE, by J. R. 
Young. Is, Qd, 

88. EUCLID'S GEOMETRY, with Essay on Logic, by H. Law. 25. 

90. GEOMETRY, ANALYTICAL AND CONIC SECTIONS, by 

J. Hann. Is, 

91. PLANE TRIGONOMETRY, by J. Hann. 1*. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. U. {The two 

volumes in one, 2s.) 

93. MENSUUiATION, by T. Baker. \s, M, 

94. LOGARITHMS, Tables of; witii Tables of Natural Sines, Co- 

sines, and Tangents, by H. Law. 2^. 6^. 

97. STATICS AND DYNAMICS, by T. Baker. 1*. 

101. DIFEERENTLiL CALCULUS, by W. S. B. Woolhouse. 1^. 

101*. WEIGHTS AND MEASURES OF ALL NATIONS ; 

Weights of Coins, and Divisions of Time ; with the Principles 
which determine the Rate of Exchange, by W. S. B. Wool- 
house. Is, Qd, 

102. INTEGRAL CALCULUS, by H. Cox. Is. 

103. INTEGRAL CALCULUS, Examples of, by J. Hann. Is, 

104. DIFEERENTLiL CALCULUS, Examples of, with Solutions, 

by J. Haddon. Is, 

105. AliGEBRA., GEOMETRY, and TRIGONOMETRY, First 

Mnemonical Lessons in, by the Rev. T. P. £irkman. 1^. 6d, 

131. READY-RECKONER FOR MILLERS, FARMERS, AND 
lilERCHANTS, showing the Value of any Quantity of Com, 
with the Approximate Value of Mill-stones and Mill Work. 1^ . 

136. RUDIMENTARY ARITHMETIC, by J. Haddon, edited by 

A. Arman. Is, 6d, 

137. KEY TO THE ABOVE, by A. Arman. U, 6d. 

147. STEPPING STONE TO ARITHMETIC, by Abraham 

Arman, Schoolmaster, Thurleigh, Beds. Is, 

148. KEY TO THE ABOVE, by A. Arman. 1*. 

VIRTUE BROTHERS & CO., 1, AMEN CORNER. 



IfEW SERIES OF EDUCATIONAL WORKS. 



[2%M Series is Jcept in three styica of binding^the prices of each 
are given in columns at the end of tJie lines,] 



HISTOBIES, OnAHMABS^ AND DICTIONAIIIES. 



1. ENGLAND, History of, by W. D. Ilamilton 

6. GREECE, History of, by W. D. Hamilton 

and E. Loyien 

7. HOME, History of, by E. Lovicn 

9. CHRONOLOGY OF CIVIL AND ECCLE- 
siastical History, Literature, Art, and 
Civilisation, from the earliest period to 
the present time 

11. ENGLISH GRAMMAR, by Hyde Clarke . 

11*. HANDBOOK OP COMPARATIVE PUI- 
lology, by Hyde Clarke .... 

12. ENGLISH DICTIONARY, above 100,000 

words, or 50,000 more than in any existing 
work. By Hyde Clarke .... 

, with Grammar 

14. GREEK GRAMMAR, by H. C. Hamilton . 

16. DICTIONARY, by H. R. HamU- 

ton. Vol. 1. Greek— English . 

17. Vol. 2. English — Greek 



Complete in 1 vol. 



1 with Grammar 

19. LATIN GRAMMAR, by T. Goodwin . 

20. DICTIONARY, by T. Goodwin. 

Vol. 1. Latin— English .... 

22.' Vol. 2. EngUsh— Latin 



Complete in 1 vol. 



■ 1 ^th Grammar 

24. FRENCH GRAMMAR, by G, L. Strauss . 




2 G 
2 G 



2 G 
1 

1 

3G 

1 

2 
2 
4 

1 

2 
1 G 
3G 

1 



3 G 
3 



3G 



46 
5 6 



5 
GO 



46 
56 



;2a 



s.d, 
5 G 

4 
4 



40 



5 
60 



56 
66 



50 
60 



VIRTUE BROTHERS & CO., 1, AMEN CORNER. 
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NEW SERIES OF EDUCATIONAL WORKS. 



HISTOBIES, GBAMMABS, AND DICTIONABIES. 



25. FRENCH DICTIONARY, by A. Elwes. 

Vol. 1. French — English .... 

26. Vol. 2. English— French 

Complete in 1 toI. 



, with Grammar 

27. ITALIAN GRAMMAR, by A. Elwes . 

28. TRIGLOT DICTIONARY, by 

A. Elwes. Vol. 1. Italian — English — 
French ....... 

30. Vol. 2. English—Italian—French 

32. Vol. 3. French— Italian— EngHsh 

^^ Complete in 1 vol. 

, with Grammar 

34. jSPANISH GRAMMAR, by A. Elwes . 

35. ENGLISH AND ENGLISH- 
SPANISH DICTIONARY, by A. Elwes . 

', with Grammar 



39. GERMAN GRA.MMAR, by G. L. Strauss . 

40. READER, from best Authors . 

41. TRIGLOT DICTIONARY, by 

N. E. Hamilton. Vol. 1. English— Ger- 
man — ^French ...... 



42. 
43. 



Vol. 2. German — ^English — ^French 
Vol. 3. French— English— Oerman 
Complete in 1 toI. . 

-, with Grammar 



44. HEBREW DICTIONARY, by Dr. Breslau. 
Vol. 1. Hebrew — ^English 

, with Grammar 

46. Vol. 2. English— Hebrew 

-Complete, with Grammar, in 2 vols. 

GRAMMAR, by Dr. Breslau 



46*. 

47. FRENCH AND ENGLISH PHRASE BOOK 

48. COMPOSITION AND PUNCTUATION, 

by J. Brenan 




s. d. 



1 

1 6 

2 6 

1 

20 
20 
2^ 



1 
40 

1 
1 

1 
1 
1 
3 



6 

7 
3 

1 
1 

1 



B, d, 8, d. 



36 
46 



76 
8 6 



50 
60 



4 

5 



12 



4 

5 



8 6 

9 6 



5 6 

6 6 



4 6 

5 6 
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GREEK A»T) LATIN CLASSICS. H 



GREEK Ain) LATm CLASSICS, 

With Explanatory Notes in English, principally 8electcd];from the 

best German Commentators. 



LATIN SERIES. 

1. LATIN DELECTUS, with Vocabularies and Notes, by 

H. Young Is. 

2. C-aSSAE'S GALLIC WAE ; Notes by H. Young . . 2*. 
a COENELIUS NEPOS ; Notes by H. Young . . .1*. 

4. VIRGIL. The Georgics, Bucolics ; Notes by W. Bushton 

and H. Young ... . . . . 1». 

5. VIBGIL'S -aSNEID ; Notes by H. Young ... 2*. 

6. HOEACE. Odes and Epodes; Notes, Analysis and Ex- 

planation of Metres Is. 

7. HORACE. Satires and Episdes ; Notes by W. B. Smith I*. 6d. 

8. SALLUST. Catiline, Jugurtha ; Notes by W. M. Donne U. Qd. 

9. TEEENCE. Andria and Heautontimorumenos ; Notes by 

J. Dayies l8,6d. 

10. TEEENCE. Adelphi, Hecyra, and Phormio; Notes by J. 

Dayies 2s. 

14. CICEEO. De Amicitia, de Senectute, and Brutus ; Notes 

by W. B. Smith 2s. 

16. LIVY. Part I. Books i., ii., by H. Young . . Is. Qd. 
16*. Part II. Books iii., iv., v., by H. Young , Is, 6d. 

17. Part III. Books xxi., xiii., by W. B. Smith Is, Qd, 

19. CATULLUS, TIBULLUS, OVID, and PEOPEETIUS, 

Selections from, by W. M. Donne 28, 

20. SUETONIUS and the later Latm Writers, Selections from, 

by W. M. Donne 2s. 

VIRTUE BROTHERS & CO., 1, AMEN CORNER. 
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GREEK AND LATIN CLASSICS. 



GREEK SERIES, 



ON A SIMILAR PLAN TO THE LATIN SERIES. 



1. GREEK INTRODUCTORY READER, by H. Young. 

On the same plan as the Latin Reader . 

2. XENOPnON. Anabasis, i. ii. iii., by H. Young 

XENOPIION. Anabasis, iv. v. vi. vii., by H. Young 

LUCIAN. Select Dialogues, by T. H. L. Leary 

HOMER. Iliad, i. to vi., by T. H. L. Leary . 

HOMER. Hiad, Tii. to xii., by T. H. L. Leary 

HOMER. Hiad, xiii. to xviii., by T. H. L. Leary 

HOMER. Hiad, xix. to xxiv., by T. H. L. Leary 

HOMER. Odyssey, i. to vi., by T. H. L. Leary 

HOMER. Odyssey, vii. to xii., by T. H. L. Leary 

HOMER. Odyssey, xiii. to xviii., by T. H. L. Leary 

HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. 
L. Leary 



3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

13. 
14. 
15. 
IG. 
17. 
18. 
20. 
23. 
26. 
30. 
32. 
40. 
41. 



PLATO. Apology, Crito, and Phaedo, by J. Davies . . 2^. 

HERODOTUS, i. ii., by T. H. L. Leary . • . Is.Qd. 

HERODOTUS, iii. iv., by T. H. L. Leary • . 1*. Qd. 

HERODOTUS, v. vi. vii., by T. H. L. Leary . . Is, Qd. 

HERODOTUS, viii. ix., and Index, by T. H. L. Leary 1*. Qd. 

SOPHOCLES; GEdipus Tyrranus, by H. Young . • 1^. 

SOPHOCLES; Antigone, by J. Milner . . . . 2^. 

EURIPIDES ; Hecuba and Medea, by W. B. Smith . Is. Qd. 

EURIPIDES; Alcestis, by J. Mihier . . • . Isi 

^SCHYLUS; Prometheus Vinctus, by J. Davies . • Is. 

.SISCHYLUS ; Septem contra Thebas, by J. Davies . . Is. 

ARISTOPHANES ; Acharnians, by C. S. D. Townshend U. Qd. 

THUCYDIDES, i., by H. Young 1*. 



Is. 

• Is. 

• Is, 
. Is, 

Is, 6d. 
Is. 6d. 
Is. ed. 
Is.ed. 
Is. Qd. 
Is. Qd. 
Is. (jd. 



2s. 



VIRTUE BROTHERS & CO., 1? AMEN CORNER, 
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._ i._ The Practice of *^ 

-15% EMBANKraO LANDS FROM THE SEA, ?i 

'^i^ Treated as a Meana of Profitable Emplnyniont of Gipital. With *^ 

■'I^S^ Eiamples and PBrtJonlare of aotiiiil Euibnnkmcnts, t3 

^^jC*; and also Prautieal Eeniurks on the Repair of did Sea Willi. ^3 

I§Ty?{- By JOHN WIGOIKS, F.Q^. ,ji 



VIBTtJE BaOTEEBS £ CO., 1, Ameii Corner, FatemoiUr Bow. 

ON ECONOMY OF FUEL, > 

Partioalorly with reference to HeverbcrBtory FurnacsB for the 

Manufacture of Iruu, and in Szenva Hoilers. 

Bj T. EYMEti PRIDEAUX, Esij. 

Price Is. 



m- 



By JOHN WIGGINS, 
Plica a 



'0$ 

^^tc^ ■*- Endimenlarj Treatise of ^ 

jSWSi THE POWER OF 'WATEE, ^ 

t.'^sto ^ applitd to drite Flour Mills, and to giro Motion to Iiirbinea ^^ 

I'Jf'm nndodierHjdroHtalic Engines. ^ 

'■'S^^ Bj JOSEPH GLYNS, F.R.S. ^ 

■j^JjT^ With an Appendii on Centrifugal and Koiair Pumps. ^ 

i^i4 Illustratiid. Price 2fl. ^ 



m 



m 



t 



vj^yu A Treatise on J:< 

J^l^ OAS-W0EK8, 5S 

"■i ASD TUB PttJCTICD Or MaMTFACTUBINO jIKB DlSTKTDLTI.VG COAL Qw. ^"J 

J'i'-.f^ Wilh Bonio Acuount of the most Improred Melhuda of Distilling -U 

J'i;A'- Coal in Iron, Brick, and Claj Ketorrs, an.i of the various mode* W. 

'^S odoptad for Purifying Coal Gaa. Including also a chapter on Iho +3 

i^'^"(^ij, Hjdrocarbon or Water Gas, and on the Hating of Gas-works in £j 

^ ^i"* ParOtJiial ABBossmenlB. S? 

»(JA*.> Bj SAMUEL HUGHES, Civil Enginoer. iji 

l^-^ll Illustrated. ^ 

j^jl? WATERWORKS, SS 

^-j-jOJ Foh hie Sffi'LT OF Cities Axa TowK9. 

*^x\iiJ. With a Description of tliB principal Geological Formatioi 

l^.iK.'A England, as influencing Supplies of Water; details of , Engiuoo ^jr 

'^^J^t and Pumping Machinery for mising Water, and descriptions of Sj 

tj-jr'y^ Works winch havB-been eiecntcd for procuring Water from Walls, r^ 

)c ^3. J Eivars, Springs, and Drainnge Areas. *^ 

r-Aw'St ^7 SAMUEL HUGHES, P.Q.S. J^d 

kSj*? lUnstrated. 3a. 'rh 

**? ^ 

^■f^ VmeVH BBOISERa t CO., l, Amen Can«t,7^^«n<»tAT Bow. ^ 



...^ 



""^v* VIBTUE BBOTHEKS & CO., 1, Amen Corner, FatemoBter Bow. 

}^p 

, jj**^^ -^ Elementary and Practical Treatise on 

^^ij: SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATIONS OF THE NEEDLE. 

By THOMAS FENWICK, 
Colliery Viewer and Surreyor of Mines. 

Also the Method of Conducting Subterraneous Surveys without tlie 
U80 of the Magnetic Needle, and other modem Improyementa. 

By THOMAS BAKER, CJS. 

Illustrated. Ss. 6d. 



A Sketch of 

THE CIVIL E^NGINEERING OF NORTH AMERICA. 

Bj DAVID STEVENSON, P.R.S.E. 
Illustrated. 38. 



ow* 




The Rudiments of 

HYDRAULIC ENGINEERING. 

By G. E. BURNELL, F.G.S., Civil Engineer. 

Illustrated. 3s. 




A Treatise on 

RIVERS AND TORRENTS; 

With the Method of Regulating their Courses and Channels. 

By PAUL FRISr, 

A Bamabite, Professor at Milan, F.R,S. of London, &c. 

To which is added, an Essay on Navigable Canals, translated by 
Major-Gkn. John Gaestin, of the Eongal Engineers. 

Illustrated. 2s. Cd. 



An Elementary Treatise on 

THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, 

Chehicallt and Practically Considkred. 
With an 

'^ Bvn WYE wnJiUMS..^LC.E., &c. 



n^TaJ witn an Appendix, containing the Report of the Newcastle Steam 
" ^OfLif and the Adjudication of the Premium of £bO0, 







vW^SgJ 




